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ABSTRACT 

The five papers presented in this volume discuss the 
relationship between the psychomotor domain and instructional technology 
and are intended to serve as resource materials for instructional technologists. 
The first chapter focuses upon a consideration of the senses of reality and 
the second upon some general considerations of the psychomotor domain. The 
third paper offers a classification of educational objectives in this area, 
and the fourth considers some educational implications of the structure 
and measurement of psychomotor abilities* The concluding chapter, a joint 
effort of four authors, examines the impact of four major factors upon 
psychomotor performance effectiveness. These factors are environmental 
stressors, time/work fatigue, toxic and drug effects, and task loading, (LB) 
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The National Special Media Institutes is a consortium of Michigan 
State University, University of Southern California, United States 
International University and Syracuse University. 



Contributions of Behavioral Science to Instructional Technology 

As a consortium of higher education institutions the National Special 
Media Institutes (NSMI) represents a joint effort to work on projects of 
national interest which are significant to the development of the field of 
instructional technology. A series of seminars sponsored by the U.S. Office of 
Education and coordinated by the Teaching Research Division of the Oregon 
State System of Higher Education probed the relationship between the 
behavioral sciences and the field of instructional technology. 

The first seminar was devoted to the cognitive area, the second, to the 
affective area and the third to the psychomotor area. Because of keen interest 
in the affective area .the results of that seminar were published first. These 
three volumes represent new substantive inputs to the field of instructional 
technology. As tl^ie field grew out of its traditional audiovisual product 
orientation, new vnsights were required to emphasize the process approach. 
The behavioral sciences seemed to have more to contribute in this vein than 
any other substantive field. 

The credit for [these volumes and the work of the National Special Media 
Institutes should pe given to the late Dr. James D. Finn of the University of 
Southern California who originally conceived the consortium and stressed the 
need for new inputs to the growing field of instructional technology. 



The papers included iff this publication were writte/i pursuant to a grant 
from the Bureau of Educational Personnel Development, Office of 
Education, US, Department of Health, Education and Welfare. 
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Preface 



There lias been a considcr:ible emphasis on tiie cognitive and arfectiye 
areas of education, but relatively little attention has been given to the 
psychomotor area. The publicaiion of ihc Taxonomy of EditcaHona! Ob- 
jectives: the Cognitive Domain by Blponi, ei, al, and the Affective Domain 
by Krathwohl, ei. ai helped to focus attention on two major aspects of the 
tola!, educational scene but a taxonomy of the psychomotor domain pre- 
pared by the same group' has never appeared. 

As instructional technologists have been attempting to provide new sub- 
stantive dimensions to the field by soliciting contributions of the behavioral 
sciences, botli (he cognitive and affective. donaains have been studied: The 
psych oin oTor vofd^Was'n'et ogn izcd--by— the-D i rec-t o r a t c— of^t lie-N a LionaLSp.e^_ 
cial Medic histitutes and the third in a series ?f conferences regarding 
behavioral sciences and instructional technology sponsored by the United 
States Office of Education was held in Oregon early in 1970. 

In a pattern similar to the -previous conferences, distinguished' psycho- 
motor psychologists were invited to prepare definitive and interpretive 
papers regarding the relationships of their special field lo instructional tech- 
nology. These papers were discussed by the psychologists and a team of 
,in,structional technologists in-an attempt to eiicit' areas of application. The 
papers were then" revised by the original authors in liglit of the comments 
made during the conference^ The basic chapters, howeveri do not attempt 
to highlight applications but. rather, serve as resource documents for in* 
striictionai technologists. ■ ' . • 

Some .franslation of. the cuniVrehcc ..papers was made for. a four day 
institute designed for instructional technologists and held at Detroit in 
April." 1970. The products used at that session, and other related materials; 
are listed in "the Appendix. This publication was field-tested at the institute 
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whicli was primarily intended for directors of programs sponsored by the 
Media Specialist Program of USOL. 

With the publication of ihis volume, the series concerning the leUitiou- 
ship of the .behavioral .sciences to instructional technology is complete. 
Tlicsc efforts are an attempt to briiig new dimensions to the field. The 
resources are provided in these publications, the applications must ncces-' 
sarily rest with the practitioners. ' = 1^ 

The vision and strong- support of L- Clinton West of Hlie Tiurcaii ' of' 
Libraries and Educational Technology of the United States OflTce of Edu- 
cation helped to make the conferences and publications a significant con- 
t):ibution to the field and to tlie larger Educational community. : 



Donald Ely May 1970 



The Senses of Reality: 
The Psychomotor Domain 

<!■ . . • ■ ■ ■ - ' 

•J ^ ■ . . • ' 

. FToyd Urbach 
:^ Teaching-Research -Monmouth, Oregon " ■ / 

. . "p , f ' ^ ' _ ■ ^ ' ■ • 

c Life commonly characterized by movement. A mother detects the 
first early . rnovem.entS ' of . the fetiis; the newborn child's most' obvious 
•changes are in perception and muscul-ar coordination; the developing child 
.is known to be normal largely by inuscular coordination; the young adult, 
' although generally unaware" of his physical, well being, displays great phy.si- 
■ cal energy ;and staniina; the middle aged adult begins the slow atrophy of 
motor abilities, compensating by experience and Irabit/ fainng coordination, 
reduced flexibility and loss- of speed become the symptoms of old age; the 
total loss of reilex activity and mus^^ular responsiveness results in disability 
or death. .. . . \ , ^ 

In education there is a tendency to forget that man is an animal and to 
deal with man on ly as an intellectual being. Generally -little attention .has 
be e n paid to the 'psychomotor aomanrt)'yiiTGSt~edTicaixfrs7-F^ w-eii rr 1 c-u 1 um 
areas devote more than a passing mention to this domain in spite of the 
generally recognized importance of inotor skill coordination aiid of 'rnany 
specialized programs which are concerned, with psychomotor skills. 

A folk song being sung today asks, *Mf- there is ]o be a tomorrow what 
must be today." The song could.be paraphrased to reflect a critical concern 
of education: "I f there is* to "be a day after tomorrow, what rriust education 
be like tomorrow?'' One part, of the answer may lie in tlie psychomotor 
domain. In "an era of increasingly complex technology the importance of 
the physical well being- of' man is becoming incre^asingly criticaL If adults 
are. to have the physical * proficiencies and abilities which successfully com- 
plement the *'aftcr schoof components of our culture then education must 
be cor.'cerned that children do hot lack the prerequisite psychomotor abili-/ 
ties simply because they were permitted to atrophy through negleot in the 
educational system. 
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The psychomotor diMiiaiii is concerned with more tlian human develop- 
ment. It is more than children playing with blocks, .or learning to play the 
piano- It is more than physical fitness exercises or training to work on an 
assembly Une. A simple theoretical . definition of the psychomotor domain 
remains elusive. A coi; founding factor is that the psychomotor domain 
cannot be neatly separated frOm the cognitive or affective coniponents of 
man. Psychomotor abilities are meshed with perception of stimuli as well as 
the control of movement resulting from those stimuli. Each of the authors 
in this publication will -address himself lo defining either parameters of the 
domain or Jo establishing ways of working with variables in the domain. 
The net result of this Behavioral Science Conference is not a neat con- 
ceptual package but rather a vortex of ideas which retlects the present 
status- of thought, research, and experience in the psych omott)r domain. 



Psycfumotor Conference and institute ^ 

The psyciomotor domain is concerned with the physical activities of the 
body such as coordination, reaction tinie and muscular control. Despite a 
long history of attention in the elementary schools, physical education 
areas and in some vocational areas, many educators and researcliers have 
Ignored /this area of knowledge. The philosophy of the psychomotor con- 
feaMice and institute was to probe this area of human behavior ai^d t'o look 
I'or possible applications to learriing and to teaching. 

A writers conference was lield early in February U)70 (Appendix !). 
During the three and a half day conference a panel of five scholars, seven 
media specialists, and eiglit observers explored the content, research, and 
findings in tlie psychtimotor domain. The tirst problem was simply to 
mslablish a conimon vocabulary so that discussion could take'*piace, 

The first vocabulary "handle" was prtwided by Robert Singer who was 
at that lime from the department of Health. Physical Education and Recre- 
ation of Michigan State University^(currcntly at Florida. State University). 
The psychomotor domaii^ was represented .as illustrated below, 

Tiiis siniplilied model, when enlarged to include skill factors, task fac- 
tois. and behavioj- factors plus a consideration of how movement behavior 
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is relaied lo how wc ihiiik. how wc perceive am' how we feel, provided a 
poiui of entry iiilo the psychotnotor domain. 

Edwin Fleishman. Senior Vice-President and Director of the American 
Inslitiues tor Research, provided an in-depth look at the domaiji preseiiling 
the results of 18 years of intensive, sustained research in the area of 
psychomotor abilities aniT physical proficiency tasks. In a series of inter- 
locking and carefully controlled studies 12 'liasic abilities'* have been iden- 
tified by correlational and factor analytic studies. They Ivave such names as 
tracking, control precision, response orientation, rate control, arm-hand 
steadiness and multi-limb coordination. The precise detlnilion of each ot 
these abilities and the accompanying research evidence indicates thai there 
is ho such thing as generalized motor skill capability. The measurement of 
an inUividuars psycl\omotur ability requires a comprehensive battery of 
tests and measures in each ot llie twelve areas. y 

Two terms, ability and skill, require specific definition. An ability, in 
Fleishmairs terms, is a general trait interred fri-m response consistencies: A 
skill is a level of proficiency on any given task or limited group of tasks. A 
skill, then, may require several psychomotor abilities lo complete the se- 
quence of responses required by the task. 

Eli/abelh Simpson. Research. ^- Associate. Instructional Materials and Prac- 
tices Branch, of the National Center tor Hducational Research and Develop- 
ment of the United Stales Office*' of Educaiion, presented a ta.xonomy 
developed to assist educators in developing and analyzing educaiional objec- / 
tives in terms of tlie pjycliomotor domain. Tiiis landmark work which 
provides a si.x level taxonomy does not attempt to classify psychomotor 
abilities or skills but seeks to provide a base for stating and analyzing 
educational objectives in the psychomot?)r_:doniain which are al present, 
implicitly or explicitly, in educational programs. ^ 

Th e basic: d i me n s i ( )n s o f t h i s v s t em a re perceptlo} i , set , guided response, 
mechanism, complex response and cregtiofi. At this poin^ in the conference 
o it became very clea/ that educjiional objectives in the psychomotor domain 
overlap the cognitive and alfective domains. The taxonomy of psychomotor 
objectives, while admittedly subject to much moditlcalion. was inidertaken 
when it became apparent tliai educ'aiors investigating the other domains 
had no intention of pursuing a similar kind of effort in the psychomotor 
domain. 

The fourth paper was presented by a qu:?riet of writers t'roni the Bio- 
technology Division of Boeing Aerospace. George Greer. Jr.. Daniel Hitt, 
Thomas Sitierly and Edward B. Slefiodnick compiled a unique paper, sev- 
eral hundred pages in length, wliich includes an enormous amount of re- 
search data resulting from the aerospace prograim human factors research 
and industrial applications. The principle sections of the paper deal with 
time-work effects on learning and performance, \oxic 'and drug effects on 
psychomotor performance, task loading and operator pertbrmance. 
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The scope of implications regarding performance and learning to per- 
form include; 1) the value of overlearning; 2) the effect of environmental 
variables oii performance requiring^a large cognitiv^? learning component, 3) 
the vaUie of physical conditioning*. 4)' deterioration of secondary tasks 
cinder stress; 5) adaptation to stressors; 0) the value of motivation and the 
need for motivation management: 7) the problems of learning which arise 
from the iiistructor-student interaction in the learning situation: the 
ciicci of deficiencies in man-machine interfa^ces which degrade perfor- 
mance: 9) the techniques of establishing perfcrinance standards; 10) learn- 
ing how to better use visual capability; and. 1!) the effects of common 
drugs and toxic agents on performance (which appears to be far more 
critical than present legal requirements indicate), 

This outstanding effort contains a data base capable of not only modify- 
ing the design of the learning of psychomotor skills but also .jnoditying the 
way in / which 'earning is designed and the conditions under which we 
require pupils to learn, 

What is the role of the psycliomotor domain in educating children of 
today and of tomorrow? This is, or course, the ultimate question. Some of 
the answer.s may lie in the papers and deliberations of this conference. 

The Institute. From the conference pipers and deliberations came the 
ideas to be presented in the psychomotor institute. The institute was a 
three and a half day learning experience for tiie directors of 1970-71 
Bureau of BdMcational Personnel Development funded media institutes, The 
iI^stilute included representatives from Id states and represented a major 
dissemination effort of this behavioral sciences project. The second dis- 
semination effort was to publish the pipers resulting from the conference 
in order to make them available to the total academic community. Tlie 
Final report of the project contains a complete summary of all experiences 
and materials used in the Psycliomotor Institute . Appendix \\ presents the 
Institute outline Appendix lU presents a list of mediated packages and 
materials used at the institute. 

Summary 

The relationship of psychomotor proficiency to intelligence and emo- 
tions is a matter of some speculation. Research evidence is contradictory 
and research designs generally disc^rage generalizations. However, tiie in- 
volvement of psychomotor abilities in cognitive acts and affective reactions 
seems fairly obvious after even minimal siudy of the'psychomoior domain. 
The implica^ons for instructional feciinologists, v:urriculurn designers and 
instructional systems develcpers are less obvious. Only by conscious effort 
will the appropriate use of our knowhdge' about the psychomotor domain 
be made. The instructional technologist has a responsibility similar to that 
of, the aeiospace technologist to make practical uses of psychomotor 
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knowledge by applying tha! hiowlcdgc lo the design of cnvironnienU 
which use available information about the psychomotor capaoilities of man/ 
The psychomotor domain holds catalytic keys to individual learning- 
styles and als"* lo the design bf more effective instructional methodologies. 
Each instructional technologist is challenged to attempt nis own synthesis 
through integration of psychomotor elements with those in the cognitive 
and affective domains. 
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The Psychomotor Domain: 
General Considerations 

Roh. rt /V. Singer 

Flor da State University 

. 

The psyciioniotor domain vnconipasscs :i broad spectniiii of movement 
behaviors. It is no ditTereni from the affective and cognitive domains with 
regard U) acknowledged difHcultics in the interpretah'on and agreement in 
the usage of relevant terminology. In the psychomotor area, the problem is 
magnified further by the fact that different disciphnes have interests in, 
and produce research related to, man's motor activity. Because each has 
developed its liwn body of knowledge, the consolidation of research find- 
ings applicable to all forms t^* human activity has bee.n difficult. Psycho- 
motor activity is associated with military tasks, agricultural duties, indus- 
trial, professional,-^ technical, and vocational skills, secretarial functions, 
business operations, home economics responsibilities, driving demands, 
music^ aru and datice _ works, as wel| as physical education, sport, and 
recreation endeavors. It undeHie.s other forms of behavior a.s well. Although 
the skills, of each field are unique, common bond.s.tie these areas of interest 
together. Great reservation and caution must be observed, however, when 
applying nomenclature and re.se arch in the psychomotor area. 

Perhaps a clarification of terminologies would be a first logical step in 
an attempt to ordjr and classify research findings in the psychomotor 
domain. Following this will be discussions on (a) psychomotor behavior, 
(b) the Objective: proficiency, (c) (he (earner, and (d) instmctional settings. 

Dcjhiitinns and Interpretations 

The development cif various terms witiiin and among different disci- 
plines, vocations, and professions to explain movement behaviors has 
caused a fair amount of confusion among researchers, teachers, and laymen 
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alike. The same terms have been used in difteretit contexts. Dissimilar 
terms are utilized to convey the same meanings. 

Thus, the physical educator develops his own "jargon," as does the 
psychologist, the technologist, the vou*alional speciahst. the special edu- 
cato'.-, and the like, ft becomes evident that the psychomotor domain 
encompasses many if not all of man's overtly expressed movement be- 
haviors. Cognition and affect are entwined in all volitional motor activity. 
Therefore, [he distinction among domains becomes one of convenience 
rather than one of natural boundaries. Assumirg the asscKialion of overt 
activity with the psychomotor domain, the task is then to classify or c:ae- 
gorize behaviors in a meaningful way. Only then can research on behavioral 
expect ancle be meahiiigful. 

Various rep:nts Irjye been published, attempting lo make sense out of 
the psychomotor domuiii. In response lo the taxonomies developed within 
the cognitive and aftective domains. Dr. Elizabeth Sinipson has formulated 
a taxonomy of the psychomotor domain whicli is discussed in Chapter 3 of 
this volume. 

Other researchers have been concerned with providing order to certain 
aspects of the domain. Hence, Guilford (1^)58) has surveyed psychomotor 
abilities through the administration of physical tltness tests, apparatus tests, 
and printed tests. He concludes that there are six primary psychomotor 
abilities: strength, impulsion, speed, precision, coordination, and tlexibility. 
Guilford's means for collecting data may be criticized and his conclusions 
questioned. His designated psychomotor abilities appear to have limited real 
applications to the wide variety of activities that may theoretically be 
placed in the psychomotor dcnnain. 

Fleislmian has gone a step further in identifying dimensions underlying 
humaji pertormance. He classifies factors in two categories: the physical 
proficiency (filness) area (Fleishman, 1*'>64) and the psychomotor area 
(Fleishman, 1967). 



It should be pointed out here that the psychomotor factors established 
by Fleishman are the result of performances on various laboratory tasks. 
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Physical Pro/lciancy 
Extent Flexibility 
Dynamic Flexibility 
Static Strength 
Dynamic Strength 
Trimk Strengili 
Gross Body Coordination 
Gross Body Equilibrium 
Stamina 



Psychomotor Factors 
Control Precision 
Multi-limb Coo'-dination 
Response Orientation 
Reaction Time • 
Speed of Arm Movement 
Rate Control 
Manual Dexterity 
Arm-Hand Steadiness 
Wrist-Finger Speed 
Aiming 
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The extent to which these factors uiiderhe athletic perl'onnance, success in 
music, art, and dance. worker output, and military achievement has yet to 
be ascertained. Nevertheless.^., we may conjecture that the physical pro- 
tlclejicy items are most associated with athletic, military, and industrial 
tasks requiring strength and endurance primarily and minimal intricate co- 
ordinated movement 'patterns. Psychomotor factors would be more related 
to those skills represented by fairly refined activity'. . 

"Cratty" (1 966) has ■ attempted to construct a theory of what he calls 
"perceptuiil-niotor behavior/' This three-factor theory is illustrated in Ffg- 
-urc-l. Although there is consideration for environmental. conditions and tlie 
status of the organism, lliere is serious doubt as .to wiiether his "General 
Supports of Behavior'' are indeed general but rather specillc* to each given 
situation. Furthermore, the indent.iflcation of ability traits seems .to suffer 
, from a lack of those . psychomotor factorst, e.g., coordinalioii, isolated by 
Fleishman as well as others.. - 

From another frame of reference, the sclieina depicting the parameters 
of movement is p re.se n ted in Figure 2. A more philosophical approach is 
represented here. Nevertheless. Abernathy and Waltz (1^)64) touch iipbn a 
number of. the considerations for effective movement. Although primarily 
applied to e.xpressive movements richer than vocational and occupational 
■ skills, this approach rellects thinking in the psychomotor domain. 

The seniaiUics involved in the psychomotor domain have been exposed' 
in a few instances. For example, Lockhart (1964, p. 9) writes that: 

. . , investigators naturally conununicate in language tamiijar to them. 
The behavioristic psychologist concerned with motor leai^ning mij*ht be ex- 
pected to use the term psychomotor. The experimenter interested priniaril)'"-' 
iri the functioning of the! sense organs performs .sensory-motor investiga- 
tions." Those conisiivncd with perceptually guided, non-verbal behavior often- 
■■_r^_fer to perceptu al m otor-learn in rs. [ . i 

And Hnally. I. (Singer, 1968) have found fault with the misuse.-and abuse 
i)f certain terms in. the physical education literature; naniely.' physical fit- 
ness, motor fitness, ino^tor educability, motor capacity, and inptor ability. 
' Used interchangeably on many occasions, these terms were conceived to 
describe different conditions of the organism th.it migiit,- ironicaUy enough, 
not even exist. What is physical fitness? Motor. ability? Mow'are they to be 
measured? Agreement is lacking in dellnitions as well as the nature of the 
tests to measure siich human dimensions. Without -an adeqiuite validity 
criterion, the very nature. of the value, of these tests is questioned. Tlie 
typical loose usage of tlie terms rcsufts in added confusion for alt con- 
cerned. \ . ' 

Is -there any hope of establishing tlie boundaries of the psychomotor 
domain? Of identifying and distinguishing tasks that constitute, this do- 
main? ; 
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TASK SPECIFICS 



Past Experience 
Spatial Dimensions 
Practice Conditions 
Force Requirements 
Amount of \/isual Monitoring 
Social Conditions Present 



PERCEPTUAL-MOTOR 
ABILITY TRAITS 



Arm-leg Speed 



Static Strength 



Finger-wrist Speed 
BaMistic Strength 



Trunk Strength 



Wrist-arm Accuracy 



etc. etc. 



GENERAL 
SUPPORTS OF 
BEHAVIOR 



Characteristic State of Arousal General Aspiration 

Leviel 



Persistence at a Task 



etc. 



Ability to Analyze 
Task Mechanics 



Figure 1. A theory of motor behavior. (From Cratty, 1966) 
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Human Movement is initiated by 
P tJ R P O S F 




the limits 
of body potential 
(structure . . . function) 



attitudes — trair 
P E RJL.P 




MIT S 

the limits 

of environmental laws 
(gravity . . . motion . . . force) 
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condition — hal^iis — sl^lIs — sfylc — knowledges 

PERSONA/LlT>\ S T^R U C T U R E 



i — CQhstructs — goals 
P E R £ E P T 1 O N 



of seIC 



I SOCIAL ^ U L T U R A 



K O N M E N T 



custom^'^-^^^poctancies — roles /-jiietlcis — patterns 
P H Y SI C At^^^ E^-fTv/ I R O N M E N T 



sounds — spacc^-;7'cquipmenr^ weather — time 
The Process of Moving 



Occurs lhr<mgh space, in lime, with quality (level- tempo-force . . .) 
Can be described in scrms of its components: dimensions, basic 
movements, fundamental skills; its design: patterns and style. Can 
] be used to control equilibrium — to fjvc and receive impetus. May 
X>r may not be efficient in terms of mechanics and purpose. Is per- 
ce i yed variantly with occurrance. jhc mover, and observers. 



2nd 

I IS A MOPIFiER OF Ills OWN DETERMINANTS _| 



Figure 2. A Framework and Structure of Human Movement. (From Aber- 
nathy and Waltz, 1964) 



1 2 THE KS VaiOMOrOR DOM AIM 

The charge is obviDUsly iu)t an easy one. Nevertheless, Figure } depicts 
the possible scope of the psychomotor domain ahd the kinds of abilities 
loading to various acts wliich constitute movement bcliavior (no continuum 
of activities is intended): 

I. A motor skill refers to muscular movement or motion of the body . 
required for tiie successful execution of a desired act: {Sunie as 
perceptuul-motor skill.) Specific criteria are set for the acceptabil- 
ity of perfonnance. 



A. hint' motor skills encompass the neuromuscular coordinations 
involved in precision-oriented tasks, sucli as typing, piano 
playing, watchmaking, needle-threading, and tracking with 
pursuit rotors. They are highly^ refined and distinguistied from 
other tasks because of the high degree of eye-hand precision 
required in their execution. I'urlhermore, they are usually sit- 
ting-down tasks. 

B. Manual skills :jre typically mid-way between fine and grt)ss 
skills. I hey arC usually eye-arm-liand manipulative t;isks that 
are fairly repel I live, b! samples a''** found in factory work and 
mdnsirial technt)lt)gy areas, tuiuipment, apparatus, or objects 
are usually the source of manipulation. 

( *. dross motor skills, \nwo\wc the large muscles and Uie movement 
of the niajt>rity of the body. Sports skills oi J] kmds may be 
considered as gro.ss motor skills, although tliere is no clear-cut 
dislinetion between fine, manual, and gross motor skills. 



I'urthcr distinct ioits-4uig|ij be made according to the nature of the task, 
Fitis and Posner (U)b7. pp. JS3-H4) describe discrete, serial, and continuous 
skills in the following way. A discrete task has a clearly defined beginning 
and end. as is found in tiic typical rjaclion time experiment. A serial task 
Contains a number of successive events that arc also encompassed by well- 
vv^^UersUn^d bcgi^Mii^^g and ending paramclcrs, A musical selection or rcadiiig 
exemplilles serial (asks, A continuous task involves adjusting sequential 
responses lo unpredictable siinuili. as is incorporated in the. act of driving a 
car. 

11. Physical tasks are characterized by a minimal, if any, involvement 
of the higher cortical centers yf the nervous system. 



A. Physical fitness tests require minimal coordination of body 
parts and cognitive activity. .Strength, endurance, speed, and 
tlexibility describe factors in this category. I'ollowing an 
understanding of the act, the execution t)^* it becomes quite 
repetitive, with stimulus discrimination of minor importance. 
CJross motor skills, as alluded to before, include activities 
demanding cue discrimination of changing and unpredictable 
stimuli and tlie temporal patterning of adaptive respon.ses. e.g.. 
sports skills. Physical fitness tests accent tlu ''physical.** that 
IS. a push-up (est demands gross, continuous, predescribed 
niovements of (he body until the onset of fatigue. Motor skills 
are more complex and involve more motor coordination of 
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the body ilselt. as well as more coordination of cognitive and 
motor abilities. 

B.. Ni)u-v(>litit>nal behavior is primarily reflexive. I'lie knee jerk, 
autonomic processes, and extremely well-learned acts are prob- 
ably performed at a suK-corticiil level. 

Ml. Perceptual-motor behavior include.s those tasks that have a high 
degree of the perceptual component present. It i.s popularly, used 
to connote the special training programs for youngsters classified 
as mentally retarded, emotionally disturbed, or slow learners, in 
the hope of imprciving their learning capacity. The perception and 
recognition of spatial relationships and patterns, the estuiiation of 
distance, speed, and accuracy, and the ability lo temporally pat- 
tern responses could easily describe motor skill as well as percep- 
lual-m<itor behaviors. But for distinction between these terms, 
motor skills refer to specific acts and sequences of responses while 
perceptual-motor behaviors are more general movements. In com.- 
paring motor skills witli percept ual-nuH(ir behaviors, relatively 
speaking, there Is a greater emphasis on resp(inse development in 
the former case. A greater degree of the perceptual component is 
present in the latter case, as is allowance for varied behavioral 
expression. 

A. t^xploration of space and body awareness activities represent 
perceptual-motor movement patterns. Moving and controlling 
appropriate parts of the body in space to reach objectives 
demonstrate body awareness and space exploration activities. 
In perceptual-motor training programs, these are general, ap- 
propriate, relatively nou-difticult movement responses to spe- 

'cific directions, involving the interpretation of directions and 
the activation of acceptable responses, 

B. language skills are heavily perceptually-oriented and reflect 
perceptual-motor behavior. The conception of words, the 
formation >of mouth movenients and facial expressions, and 
the production of words describe activity in this area. „ 

No reference is made to psychomotor tasks per sc\ for almost iiny kind 
of movement-oriented task could probably be considered a psychomotor 
task. For the most part in the literature, psychomotor tasks are indicated 
by laboratory -ere a ted situations. Reaction^^^^^lc.._coordit^atio^l-apparatus 
tests, positioning tests, speed tests, and the like have ofteiTiTeen^j-cfcrred to 
as psychomotor tests. The term is so vague as to have little real practical 
meaning- 

Contrarily. Noble (196^) argues that "the label 'motor' skills is less 
satisfactory than 'perceptual-motor' or 'psychomotor"* skills . . He feels 
that the two latter terms are interchangeable in meaning. Motor skills are 
dellncd as "merely . . . any cued striate-muscular action that is moditled by 
learning variables.'' Psychomotor iasks (or perceptual-motor) are elaborately 
interpreted to be "th(xse situations that require the identification and com- 
bination of stimulus-organisin-response elements into coordinated spatio- 
leinpcual patterns of receptor-effector activity as a joint function of 
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praciice icpciiiiDiis and icinlorciiig feedback as U) t)ptinii/e proh:ibility\ 
amplitude, add time scores (or their derivatives) in acquisition, retention, 
and transfer," It is my opinion thai lo get bogged down in seniar.tics, 
terminology and verbosity, will do us no jood al (his symposium. We need 
simple explanations lo understand tiie scope of ihe psychomotor domain, 
A general framework has been suggested as lo the types of tasks repre- 
senting the psychomotor domain. Research on motor skills will now be 
primarily considered with regard to learner and environmental vaviables, 
Prolleiency in skills is dependent on so many factors that it will be impos- 
sible, to mention them all in this paper. No depth-treatments of these 
considerations can be made. Research will be examined from the motor 
skills area in order that applications can be made without ihe usual fear of 
the possible lack of relationship between ihe learning of nonsense syllables, 
prose, and other verbal material wiih ihe learning of motor lasks. Although 
research llndings are argued to be task and situation specific, hopefully 
evidence on the learning of certain types ol' lasks in the psychomolor 
domain may legitimately be applicable to other tasks in this domain. 

" The Objective: Frojicicficy 

Altliough iliore may exist j number of objectives in the learning siiua- 
lion, one ot' ihe immediate or uliimaie goals is the mastery o\' the task and 
ihe aiiaiiuiieni o( skill. Different siaiuiards of achievement are established, 
but esseiuially the most elllcieni and effective ways of reaching goals are 
those thai are sought. This implies a need lo imdersiand the nature of the 
task, the learner, the learning process, and learning conditions. 

i.i the area of athletic prolleiency, a number of 1 actors contribute. They 
; 1 lijy OV ra !J V be_ d esc r i_be d _ a s _ f o i l.nd in .. F igi i re „4 v _Ci e i i_e t j c s , c 1 1 ij d 1 1 ( u ) d e x per, 
riences. personal goals, envi, onniental inlUiences. aiiU other interactions 
lead to the stale of ''excellence.'' IdealK^. in order to determine potentials 
iV r developing protlcien'cy in any lask. genetic factors, familiar tendencies, 
past experiences, and the individuaPs personality would be reasonably 
unilerstood prior io training on a given task in a particular situation. Gen- 
eral learning principles and specific considerations, with, appropriate en- 
vironmental niodillcations and instructional techniques, would then be 
utili/ed. The coach is thus the ultimate determiner of the athlete's produc- 
tivity. Limiting and determining personal t'actc)rs on the part of the athletes 
are incorporated in llie coacli's plan in directing practice sessions. Figure 5 
has been drawn lo show parallelisms between the characteristics considered 
in Figure 4 for athletic proficiency with those underlying achievement in 
any vocational task. In this case, ii is the teacher, leader, or supervisor who 
has the final responsibility in shaping ihe environment for best produc- 
tivity. 

hi most learning situations in any domain, it is virtually impossible to 
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Athletic Proficiency 



Coach'^ guidance: 
coachteam-athlete compatibility 
Environmental conditions- 
Behavioral Modification 



Influence of culture, 
family, peer group 



Interest, motivation 



State of training, 
physical attributes 



Prior athle1;ic experiences, 
learned skills 



JERLC 



Childhood experiences 



Hereditary factors, e.g., 
physical characteristics, abilities 



Figure 4. Foundational blocks toward achieving excellence 
in athletics. (From Singer, in press) ^ 



The Psvchomotor Domain; Genera! Considerations 



Task Proficiehcy 



Teacher, leader, or supervisor guidance: 
leader-group-individual compatibility 
Environment of conditions- 
Behavioral Modification 



Influence of culture, 
family, peer group . 



Interest, mdtivation 



State of training, 
physical attributes 



Prior learned specific, 
related skills 



Childhood experiences, general 



Hereditary factors, e.g., 
physical characteristics, abilities, Intelligence 

Figure 5. Foundational blocks toward achievement 
in vocational skills. 
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make all these individual considerations. Yet. one of the fallacies in any 
group-learning effort is to treat all individuals as if they possess the same 
characteristics, abilities, experiences, and motivation to achieve. For in- 
stance, it is suggested that approximately 80 percent of the variance; in 
intelligence may be attributed to hereditarv' tactors: 20 percent to environ- 
mental experiences. Wlien all sorts of familial characteristics aTe considered, 
e.g.. intelligence, heiglit; weiglit. and body build, an average correlation of 
.50 is obtained between parents and children. To the extent that such 
personal qualities may be related to the probability of success in a given 
endeavor in the psychomotor domain, they must be acknowledged. 

1. In athletics, a given body build has been found to be related to / 
excellence in particular atiiletic endeavors, The aveiage athlete representing 

one sport has been soi'iiatotyped (a method of determining body build) and 
is usually distinguished in this dimension from athletes representing other . . 
sports (Carter. 1968. 1%9). Or. for that matter, from so-called non- 
athletes. Although a given body type is not a necessity for excellence in 
athletic endeavors, its presence n\ay increase the probability of success. The 
relationship may hold true for all types of motor skills. Inherited and 
developed personal qualities may increase the likelihood of onC/ accomplish- 
ing certain activities associated with industry, business, the niililary. and 
the arts. Physical characteristics, of little concern in the cognitive domain, 
are very much associated with the mastery of varied motor^ills. 

2. Enriched a'nd varied eirly childhood experiences is a\econd t'actor" 
leading to the probability of success in a wide raiige of vndertakings. Work 
with lower forms 6f young organisms chimp jti/ees. chickens, dogs, and 
rati introducing an experience, depriving oi restricting a sense or enrii.'hing 
the environment has been shown to affect adult behavior. (For example, 
see Beach and Jaynes. 1*^)54.) Freud's work and the etTorts of subsequent 
psychoanalysts indicate the ettect of early experiences on adult personal- 
ities. 

Situations for figuring-out and executing appropriate movement re- 
sponses begin at a very early age. These foundational blocks serve the 
learning of later-in-life complex activities. The extent to which a child 
successfully experiences perceptual -mot or behaviors and develops motor- 
ically will probably intluence liis rate of achievement when confronted with 
so-called "new*^ tasks. However, it might be theoretically argued, and it has 
been, that very fev/ activities are really new to the learner following the 
childhood years^ iMost* skills require tha^ already-learned movements be put 
together in a different fashion. Temporal and sequential patterns* of re- 
sponses are altered from situation to situation, But essential and general 
movement patterns, learned well in childhood, intluence the degree to 
which complex skills will be attained in later" years! 

3. Specific skills, once learned, will naturally favorably transfer over to 
situations in which these skills are u,sed. Specialized training in childhood 

ERLC 
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leads to desirable oulcomes in specific circumstances. These e.<isis inu- h 
evidence un the specilicity nature of motor skills; that in order for ont^ to 
reach a higli degree of proficiency in any skill, pr.'ctice must be specific to 
that skill. 

4. Aspects ol personality relate to task achievement in some ways, al- 
thougli clear-cut patterns are often difficult to establish. On more complex 
tasks, studies generally show higlily anxious individuals do more poorly 
than those low. in anxiety, Also, those who score low on anxiety tests 
perforin more effectively under stress than under normal conditions. This is 
not the case with higli-anxiety people, who are less etfective performers 
under stress (Wiener, 1^)5^)), 

Insigjit and sensitivity on the part of the teacher, supervisor, or other 
forms of leadership to the personality characteristics of th-j learner- 
performer may help to detect possible behavioral choices, patterns, and 
achievement. In the area of choices, vocational researchers and theoreti- 
cians point to level and direction of vocational aspiration, self-esteem, need 
to achieve, and other personality characteristics. Self-esteem is a strong 
moderator variable in one's vocational decisions (Konnan, 1^)66). Indi- 
viduals are more apt to favor social roles, position^, and occupations that 
are consistent with their image of personal. abilities and talents. 

Athletes represent! ig different sport groups have been shown on occa- 
sion to possess unique personality profiles. Superior athletes, average ath- 
letes, and non-athletes are also uniquely characterized. (A brief summary of 
tiie research is reported by Cooper, 1060.) A few psychologists, notably 
Oglivie (10(^8), are quite enthusiastic about the identification of unique - 
personality dimensions of champion athletes. However, agreement on these 
matters is still lacking. When traits can be ascribed with a reasonable degree 
of confidence to athletes representing a sport, or workers involved in cer- 
tain occupations, statistical analysis will help to predict the probability of 
an individual's achieveme a on a team, in an event, or at a position, 

5, T!ie general . motor abilities, intluenced by hereditary and environ- 
mental variables, and possefssed by the learner will certainly have a bearing 
on his potential for successful achievement in any endeavor. In predicting 
proficiency, a young child is more apt to have more "generalizable" abili- 
ties than higli school or older-aged individuals. With, age comes a matura- 
tion and difl'erentiation process. Complex and specialized tasks must be 
continuously and conscientiously practiced for one to attain relatively high 
degrees of skill as he develops to maturity. Less time can be devoted to 
other pursuits. The endeavors of youngsters demand more gross movements 
and they are fairly similar from- activity to activity. This is not the case as 
the individual begins the adolescent years, TJie maturing organism is capa- 
ble of undertaking jnd completing more highly refined tasks. Interests, too, 
change, and become more specialized. 

Obviously, then, a test that presumably measures general motor ability is 
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almost meanvigless in dllTcrentiating . among the reasonably or liigiily 
skilled. - Since none have been developed that are. truly general, each is 
almost meaningless for instmctional design. In the case of sport/ gross 
bodily activity along with intricate and rellned movements are involved. 
One test, or even a battery of tests, can hot conceivably produce dis- 
criminating judgments among athletic- individuals and between specific 
sports participants. SpeciuHxed skills tests, related to the sport at hand, will 
do a more acceptable job. The same is true in tiie vocational area, instead 
of speaking about one manual ability, recognition should be given to the 
■ probability that there exists a number of manu.d abilities. And specific 
manual tests, related to the task, at hand, will yield better distinctions 
among individuals than will a test of general manual abihty. . 

Even so, successful job .Completion or utliletic participation are related 
-to so many variables that the practice of isolating particular skills to test 
for classfication and prediction purposes is of questionable value. More 
simple motor skills 'can be handled more easily with jests when such is the 
intent. But complex tasks, involving not only a number of human abilities, 
,but specified skills, personality variables, and physical and physiological 
characteristics as well, defy the implication -that an ability test or abilities 
test alone can satisfactorily account for enough of the achievement variance 
to be of practical value. • . 

6. Another point to keep in mind is that initial levels of profiency are" 
not nepssarily valid as the basis for predicting future achievement levels in 
a., given endeavor.- Althougli there are fast Jearners and slow learners, a 
person is not typically an overall fast* learner (within the '^normaP' popula- 
tion). Rather, ach/evenient in each task is obtained in varying speeds and at 
different levels for each individual. For example; there is no coi/firmation 
of any general learning ability improvement factor. 

VVh6n motor tasks-are simple and isolated, different trends appear. As in 
the case of Adam's' (1957) datavlaler proficierifcy was v<jry much related to 
early status. The task was very simple, measuring discrimination reaction 
time. There is good reason to believe, though, (and research support as 
well) that the relationship between initial and final status is quite low on 
more complex motor tasks. This is especially true when enough practice 
and time are alloted for learning to occur. 

When individuals have practiced a skill for a while, prediction of rela- 
tive achievement within a group becomes easier ^and more accurate. Per- 
formance becomes more stable. .But a_s Fleishman has pointed out in a 
number of articles (e.g., Fleishman, and Hempel, i954), the ifumber and 
nature. of abilities related to ta.sk achievement apparently change in relative 
■importance during practice and improvement in complex motor skills. Dif- 
-ferent abilities are more .important* in different phases of skill acquisition-. 

The preceding material' constitutes some of the general individual learner 
c6nsiderations in reaching higli degrees of skill. The learning situation is 
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dynamic and coftipJcx. Ail learners do not. conic to the same 'situation with 
the same potentialriy for proficiency , They caiinot be programmed in simi- 
lar fashion, regard less,, of the rationale presented by behaviorists. it is true,-, 
however, that certain instructional modifications will generally affect the 
majority of learners in like nature, or with a reasonable degree of predict- 
ability in a certain direction. Where applicable and possible to implement, 
instructional techniques and learning strategies should reilect the learning 
process in general as well as individual differences. 

Let us take/ a further look at learner dimensions (personal factors that 
distinguish among members of a group) and behavior iiiodillcatioii in gen- 
eral: til rough environmental manipulations (instructional settings),- 

The iciinicr . ' . . ■• . 

Some of .the ways in which learner.s differ from each other in charac- 
teristics as they confront a learning situation striving for proilcicncy have 
been summarized. The l]st needs to be extended, I am continually amazed 
at the apparent neglect of these variables by psychologists in the experi- 
mental and military areas. For instance, Gagnc (1962), in an excellent 
article (to be referred to again in this paper) entitled '^Military Training and 
Principles of Learning" provides, nuich insight into training techniques and,* 
behavioral modification. He never once mentions anything about the nature " 
of the learner. He does not address the- problem of individual differences. 

Learner variables are incorporated in Figure 6. which serves as a sum- 
mary for the material to follow in this section. Individual differences such 
.as these need to be recognized as important contributors to achievenient in 
many of , the tasks found in the psychomotor domain/ The. nature of the 
tasks will greatly determine the relative importance and iniluence of each 
factor on learning and performance'. . . 

. In gross niotor tasks, often executed in the military. indu;>try. and sport,' 
differbnces in body build constitute a factor in potential achievement. This 
point has been alluded to previously,. Other factors, besides the ones de- 
scribed in the preceding section,, must be. examined. Therefore the. section 
excludes .material already considered above, (1) body build. (2) childiiood 
experiences, (3) prior specilk skills, (4) certain aspects of personality, (5) 
some general moior abilities, and (6) initial levels of task proficiency, al-^ 
though all are learner considerations. There are other learner variables to 
consider, . • 

(7) Physical measures, If^^tlie* task requires gross movements of the body ; 
(a large-muscle task)- adequate strength: llexihility: aiid endurance must be- 
prcsent. Practice can then be sustained which will in turn result/ in per- " 
furmunce' improvement. The condition of the body with respect. to tho,se " 
and other underlying personal attributes relevant to the skill(s) at hand will 
greatly" determine the effectiveness of the practice conditions^arranged for 
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Figure 6, The Learner 
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learning to occur. f:vcn iii such acts" as typing, piano phiying, iind card 
•sorting, finger, wrist, and arm endurance is a pre requisite to skill acquisi- 
tion: • 

{^) Motor measuresi More complex tasks require the presence of a high. . 
develppmenl of those motor abilities that will interact and underlie acliieve- 
nient. Unfortunately, abilities are usually defined witliin the franiev/ork of 
the tests designed to measure them. Beyond empirical observations and' 
scanty, research evidence, it becomes difficult to specify those abilities 
associated with task pro tic ieiK-y. Thus, we lalkiu terms of a coordihation 
ability, an abilily to biilance. and a speed ability, and yet research has been ■ 
fairly, consistent in demonstrating Igw positive intercorrelations among test^ 
purported to measure each one of these.. as well as other abilities. 

Evidently, at the present level of knowledge, we can only, talk in t^rms 
of an ability as measured by wh a lever means we measure it. Theoretically, 
though, an ability coii tributes to . proficiency in a number of skills. A 
number of abilities are important to complex skill learning. The goal is to 
be able to specify those abilities related to the learning of each motor task, 
the stages of learning where eacli contributes the most to achlevemeiit (as 
attempted by neishman and Ilenipel, 1^)54; Fleishiiian, 1957; and Fleish- 
man and Rich. 1963), and the means to emphasize and develop those 
abilities ot'interest. . 

(9) Sense acitiry. Prior lo, during, and following an act information is • 
transmitted through the senses. Kinesthetic, visual, and verbal cues provide 
important knowledge to the learner about his performance. Various kinds 
of sensory receptors, each specific' to one stinmlus form only, convert the 
. input into electrical energy capable of going to various parts of the nervous 
system. Some impulses activate the perceptual mechanism, so tlfat meaJiing 
can be made of thai, which was sensed. Others activate sub-cortical centers. 

In order for information to be accurately processed, as a first step the 
iiiput devices (sense ' organs and receptors) must be in good functioning, 
order. Poor depth perception or peripheral vision, inferior audition, or in- 
eft^ective proprioceptive activily will provide error-filled .information. ' 

. i lO) Percept iof I, Following the reception of ' information through the 
senses, perceptual operations typically, precede motor activity. Interpreta-. 
lion of the situation must be niade before correct responses can transpire. . 
Selective, attention to cues and disicgard for irrelevant ones constitutes the 
preliminary portion of effective movement behavior. How and what one 
perceives in a given situation ■ depends on many .factors. In turn, one's 
behavior refiects perception and the means to* appropriately spatially and 
tejii|x>rally execute movements. 

(11) Intelligence^ Intelligence, which is usually measured by academic. . 
achievement .or IQ in the research^ is positively but lowly related to. physi-' 
cal characleristics and motor skills in the normal population of students. 
Within the normal intelligence range, .we would generally not expect those- 
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who are more outstanding in niotor skill accoinplishments to be. meaning- 
fully: more or less intelligent than" others. Mental retardates, however, iisii-a 
ally demonsirate poorer motor development and skills than similarly aged 
•*iiormuls/\ ■ . / • 

With regai-d to 'training teclmiques, there is a ppssibilily that brighter 
students- may learn motor skills more elTeclively than less intelligent* ones 
(a) under \vhole rather than part learhing methods. ahd,(b) with problem 
solving, methpds" rather than traditional methods. Low academic achievers . 
(slow learners, mental retardates) require simple explanations and step-by- 
step progressions in motor tasks. 

:{ \2) Emotions. tmo{\ow<, are a part ol' most motor activity. Researchers 
have considered the effect of anxiety, stress, tension, and various motiva- ■ 
tional procedures on the learhing and performance of motor skills. Anxiety 
level and its interaction with task coiiiplexity has been discussed earlier in 
this paper. With regard to emotions in general, an optimal level exists, for 
the' learning of' any task. Stress, in the form of social presence, high incen- 
tives, and the. like, is usually a hindrance to the learning of new complex 
skills. At later stages, it is of no bother or may even facilitate performance. 

(13) Level of aspiration J The goals established by an individual when he 
undertakes' a motor' Uisk will greatly determine his achievement. Previous 
failures and successes determine the level one sets for himself. It is usually 
found that high, •realistically .attainable goals^ produce the most fav.orable 
Jesuits for the fcarner. The implication here is' that general group standard 
performance expectancies, as set by the teacheh for exaniple, are not con- 
ducive : to a favorable learning climate. Individual ,sla'tus and individually-set ^ 
goals should be considered. 

Early "successes are important to. motivation, in turn .for continuing per-- 
rormance, and ultimately in learning. Performance expectancies should be 
'contingent on prior personal accomplishments and potential achievement. 
Satisfaction achieved elevates the level of aspiration which in turn increases 
the probability of better performance output. 

. (14) Altitudes. A person's expectancy attitudes arejelated to task per- 
formance. When an individual has high expectancies, his performance is 
positively afl'ected. Various investigators concerned with job analysis, e.g., 
Lawler (1968), have, demonstrated that expectancy attitudes are. indications 
of motivation „to perform. , . \. ■ 

Attitudes may also be. viewed in another' way. interest in the task, a 
desire to achieve well, effort, and motivation lead to more meaningful 
practice sessions. The learner must have intentions of improving his per- 
formance. Merely going through routines in a, haphazard and meclianical 
manner, disregarding important cue.s» and demonstrating purposeless-activity : 
is a good example. of how not to master a task. One's attitude toward the 
task at hand is reflected in his attempt to improve himself and the ultimate 
consequences. 
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(15) Fears. AUliough not considered in other areas, the- psychological 
fear of- success lias been of great concern to psycliiatrists, psychologists, 
and-coaches dealing with athletes. Some athletes have been diagnosed as 
being afraid to stand siiccesi. or at least lailing to whole-heartedly attempt 
to achieve; They deliberately Injure themselves to gain sympathy or even a 
hero's recognition. They complain of pains that do not really exist. It is 
interesting to speculate on how many, confronted with*any kind of task, 
fear success. The added responsibility associated with achievement may be 
looked upon as a cause of increased anxiety by the person. 

It should be added, of course, that . the task itself may be fear-inducing 
because of its very nature'. Gymnastic, irampollning, diving, swimming, and 
other athletic skills contain fear situations and require' .safety precautions. 
Military, vocational, and driving skills . have similar elemeilts/ Fear, causing 
anxiety, is a deterrent to the .learning process in such activities. 

(16) Sex c!iff(,'re/ices. With regard to occupational, choices, athletic en- 
deavors, and task performances in general, mule and female comparisons 
lead to interesting observations. Due to certain physiological, anatomical, 
and personality differences, performances on certani tasks are favored for 
one sex over the other. However, an often under-played, variable in task 
choice and accomplishments are sociaUcultural. influences. Although physi- 
cal fitness testing, reaction time data, and sports' records indicate the gen- 
eral superiority of males, females are demonstrating feats that surprise most 
people. For example, some of the women's records in trick and field and 
swimming at the 1952 Olympic Games were better than the men's records 
fifty-two years earlier! 

With greater social acceptance and encouragement, women can and are 
demonstrating skills fairly comparable wi^h .those exhibited, by males. 
Naturally, there are those motor tasks typically associated with females at 
which they ^xcel when- compared to males.- Nevertheless, present research 
in general indicates that sex differences in performance in varied motor 
tasks become more apparent with increasing age (Singer, 1969), in favor of 
. the boys. Into adolescence and early adulthood, the separation between the 
sexes widens. . " . . * . 

(17) The aging process. Various kind's of motor skills are . affected in 
dissimilar fashion by the aging process. There are some vocational occupa- 
lions and sports events- that "can be participated in' successl'ully' for a great 
duration of a person's life. Others, of course, cannot. Although the process 
of learning may be. little alTected by age, performance variables are, and 
they play an important role in output. 

An older person needs more - time to react; to .perceive quickly and 
' respond. Wlien he can work at his own speed,, and the task is self-paced 
(the response Ts initiated by the performer to a fixed stimulus rathej^ thaii 
. to some unpredictable stimulus) the individual is not handicapped. The 
increased inability to receive and traiismil information is a symptom of 

\i ' ■ ■■■■■ J ; 
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older age. Also» tasks requiriug large amounts of slrcuglh, endurance, speed, 
and tlexibiliiy vyork to his disadvantage. Complex motor tasks, with loo 
nnich information in the display, may result in a tendency to puy attention 
to irrelevant information. All .these consideratioits indicate, the need to 
match the appropriate task with the aging person for best results. 

These iiidividual learner considerations by no means exhaust the list .of 
possible variables, but they certainly should serve as warnings as to the 
complexity of the learning situation in the psychomotor domain.' The task 
is now 10 interpret and identify .the ways the learning process may be 
enhanced through the manipulation of environmental variables. 

Psychomotor Learning: Background 'Materia! ■ ■ - , 

Assuming the basis and vaHdity of hiws or. principles of learning, the 
•logical step is to use them in the- psychomotor domain where applicable. 
Even research' findings, not of sufficient quality and quantity to form the 
.basis of a '^principle" but strong enough to indicate a trend, constitute .- 
available support for action. Unfortunately, this ^'logical step" is not as 
easy as it sounds> ^ ' . 

in the first place! acceptable principle.s of learning are usually sd broad 
and generalizable as to constitute nothing more than the obvious. Secondly, 
there is question as to the practical application of more speciftc learning 
principles, formulated on a conceptual basis .from laboratory work in arti- 
ficial situations. Gagn§ (1962), for one; has raised serious doubts as to the 
usefulness of learning principles for the training' of military skills. Thirdly, 
and of most frustration, is the diverse nature present research takes in the. 
various areas concerned with the acquisition . of motor skills. ■< - ■ 

On the last point, miniature models, nomenclature,- and research projejcts 
in each area relleci the uniqueness of the matter dealt with. Can one lie 
together various approaches to the solution of how effective motor Icarntng 
occurs?. In. the early portion of this century, behaviorists and gestaltists 
demonstrated distinct approaches to learning, formed unique vterms; and 
emphasized different factors. This practice served at once to widen one's 
understanding of the learning process but at the same time to cause con- 
fusion. As theories developed each emphasized various aspects of learning. 
Problem-solving, the nature, of the stimulus, perception, response, and the 
nature and effect of intervening variables were some of these sources of 
emphasis.. What, with the advent of mathematical models, neuro-psychp-- 
logical models, information theory, cybernetics, and man-machine dy- 
namics, the problem has been, magnified (Singer, 1966). " . / 

Military and industrial psychologists talk- in terms of training factors. 
Knowledge of results, guidance and instructional techfiiq'uest cues in the 
display, task operations, and job analysis are of basic concern. Experi- 
mental, p.sychologists . still cling to concepts of conditioning. They, are 



/ The Psychomotor Domain: Generiil Considerations "27 

procedure and inan-ccnlered, studying such" things as inslriictioiial methods, 
practice variations,, habit fornvations, and hypothetical constructs called 
intervening variables. Those interested in operant conditioning and the 
Siiihnerian approach emphasize reinforcement and the shaping of behavior. 
Information or communication theorists research the processing and trans- 
mitting of information. The standard reference is '*bits,'- which refers to 
inforrnation the organism receives in a situation. Engineering psychologists 
stress. Cask variables and closed loop servosystems, where the main interest, 
is the difference between input-output and the nature.of the transmission 
system. Cyberneticians coiiiparc man to a machine and provide a con- 
ceptual framework of control where feedback is of the utmost importance. 
Social psychologists analyze man's behaviors in terms of attitudes, values, 
social systems, and i'amily and peer influences. Physical educators, home 
economists, vocational educators, and special educator's glean odds and ends 
from all these approaches but generally adhere to guidelines suggested by 
educational psychologists. Thoriidikc-type laws, terms^ and research asso- 
ciated with tiie period /?e/r;rc' the I940's and the,:, accompaniment of an 
explosion of sophisticated learning models and designs generally .make this 
group of educators '^comfortable.-* 

Each of the above-mentioned groups is interested hi skill development 
and modification in the psychomotor domain. The accumulation, /consolida- 
tion, and synthesiys of behavioral *M*acts" from so many diverse approaches 
may be beyond -\reconciliution. Nevertheless, anyone concerned witli be*' 
havior in "the psychomotor domain in gei^eral- should at least attempt to 
confront and resolve all . tliese conceptual and. experimental approaches: 
Certainly, Berelson and Steiner (1964) must be praised for; their valiant 
effort to construct an inventory of scientific Hndings with regard to human 
behavior.". ^^--1... 

On the other hand, it can be legitimately argiJed that.-duc to^Tlic^unique 
complexities of each learning task area, research and theory should be 
developed and applied to the specific situation. The present trend toward 
the formulation of miniature models of learning, applicable to unique prob- 
lems associated within the area of interest, contrasts with the original goals 
of psychologists to describe all of learning in one theory. An attempt at 
fonnulating a new tuxonomy ' of human, learning, with discussions, on the 
problems relevant to the seven categories representing the various types of 
research/ is presented by Melton (1964). In the psychomotor domain it 
may be necessary for the physical educator to attend to his own unique 
problems, the vocational specialist the same, aiid the military psychologist 
likewise. Much, depends on tlie: degree to wliich we believe in "task-specifi- 
city, or,: for that matter, the nature of the task (e.g.; discrete, continuous, 
serial) as a consideration. • 

• Signal detection, or vigilance, theory; was developed by military psy- 
chologists- for situations pertinent to the' military. In Swets* "(1964) 

■ • ■ : 
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detection theory, human behavior in a variety of perceptual tasks is ana- 
lyzed. Welford ( l %0) forwards the single-channel hypothesis as an explana- 
tion for the information processing of motor skills. Smith (1962) terms his 
cybernetic approach lo the evaluation of man's behavior a neurogeometric 
theory, Poulton's (1954) model is geared for predictions in industrial work. 
Fitts (1964) favors an approach to studying motor learning that contains a 
framework of three types of models: communication, control system, and 
adaptive, Henry (I960), a physical educator, has proposed a Memory Drum 
Theory of Neuromotor Reaction, that deals with various aspects of motoi 
performance. These represent but a sampling of diverse theoretical advance- 
ments tu be applied to the learning and performing of motor skills. 

Thus the problem of task -specific or area-specific research and theory 
versus a general domain approach is a real one. Evidently, those concerned 
with instructional settings must consider situational specific evidence, task- 
rolatcd information, as well as general behavioral knowledge. This will be 
the case in the next section of this paper, where a wide range of sources 
provide the general guidelines as to etTective instructional settings in the 
psychomotor domain. 

Before reporting and interpreting research findings, the general opera- 
tional framework oT the human in performance should be analyzed. The 
systems-analysis technique can be applied in an extremely general way for a 
better understanding of human activity, Thus far only learner character- 
istics have been discussed. From a physical point of view, the simple com- 
ponents involved in a learner's processing of and responding to information 
are as follows (Whiting, 1969): 



Sense Organs 



Central 
Mechanisms 



Muscular 



The Central Mechanisms are further divided by Whiting in terms of 
operations: 



Perceptual 
Mechanisms | 



I Trgnslatory 
j Mechanisms 



Effector 
Mechanisms 



At the functional level, the human system is represented by Whiting as 
going througii these processes: 
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Output 



• Response activity to stimulation is diagramed in a similar manner by 
those who view the human organism, as an information processing system. 
An individual receives a certain amount of information (S) in a situation. 
He has to transmit ^(T) this information and respond (R), but since no 
•mechanism is perfect, informatioii may be lost when encodirig, transmit- 
ting, or decoding. Represented by . diagram, the process would appear, thusly 
(Singer, 1.966): . . ^ 
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Learner characteristics, e.g., sense acuity,' stimulus selection (perception), 
abilities, .skills,* etc., will, influence the effective' processing of and reacting to 
information. From stimulatic^n . to response, a human partially functions 
according to the limitations of his systems. The other major consideration are 
situationar variables (training, learning, practice, environmental display-as 
they* are commonly referred to). The shape and nature of the stimulus and 
response, the manipulation of learning conditions, and the process of learning 
are fo^ the most part,. the focal points of trainers and educators. For example,' 
tJie importance of feedback from internal or external sources is recognized by 
learning specialists as a prerequisite to the acquisition of skill. Hence, the 
learning-performance schema is further extended (Singer, 1966): • 



Stimuli 



Perception 



Translation 



Effector 



Response 
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. Inmuctional Settings , " ^ 

The approaches one employs in the learning process may depend, to a 
i-air extent, on wlieihcr he tows himsdf as an educator or truiner. lir the 
■psychomotor do.mah.i, there are tliose who consider themselves educators;., 
others who refer to theinselves as trainers. Actually, little real differences 
are 'noted between training and ednca'tioiK The. objectives of both are" to 
nioclify behavior, and both ar.e_ji part of the instructional process. Instruc- 
tion involves "systematic, guided experiences .similar , to education and' to 
training. However, dissiniilarities do exist between these two methods. 

Generally speaking, education is more concerned ■ with individual, dif- 
ferences; with Jong-range, elTects. often . not measurable. Training encom- 
passes teaching people similar operations, and expecting uniform outcomes. 
„That-. is,-- there is less respect for individual changes. There are more shorty- 
.term goals in. training programs, in a relative sense, than. in education pro- 
grams. .When individuals are trained, tliey con'.e to the program with-.a* 
certain set of skills. The major objective is to advance most of them to a 
given level of skill -at the end of a. specified period of time. For further 
"clarification of the training-education issue as^well.as' resc^irch information 
on . training techniques; books by Glaser (1962) and Holding (1965) are 
recommended.' ' ■ , « ' 

Tlie psychologist views training as the practical application of that which 
is knowa of learning piienomena. The study, of processes associated with 
learning conceri'is researchers and^ theorists^ the applied aspects of this study 
can be seen in industry, the military, and the gymnasium. It is often hard 
to. separate the trainer and .the educator,. cspe,cially in an e.ducatioiV institu- 
tional setting. The coach, the industrial technologist, the home (?iconomisl, 
and such appear. to be both trainers and educators. They, work at the level 
of each individual but goals are -usually short-ranged and specified. 

■ Most of the programs in the psychomotor domain are. probably training- 
driented. ("Educators**' in the psychomotor domuin will find offense in that 
statementj. I am sure. Hopefully they will only attack the statement, and 
not me!) P^erhaps Schalock (1968, p. 1 1-1.5) goes to6 far in his statement, 
on the matter: though. He writes of three classes of influence behavior in 
teaching^ and labels these training, instruction, and encult-iiration. ■ In ap- 
plication. "traiiVing refers to teaching in the ps^^chomotor area, .instruction 
to teaching in the intellectual' area and enculturation to teaching in the 
attitudinal area.*' This over-simplication of th*e problenvcdoes not allow for 
the probability that instruction can. and indeed does occur in the psycho- 
motor /domain. At any .rate,- the obvious intent/of any training program is 
to reach short-term objectives jn as short a period of time as possible with 
planned sequences of experience. The ins.t.nTctional .setting thereby .repre- 
.iscnts a combinatiom and interaction of variables-manipulated in'such a way 
as to produce the desired' output. It is these variables, contributing to the 
'"intent" mentioned" above, with which we will be concerned. . .■ 
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Gagne. writes (1965): ' ..." ■■ " 

InstruGting 'means arranging the conditions of learning" tliat. 
are. external, to the. learner. These ^con^itipns jjeed to be con- • 
.structed in' a stage-by-stage, fashion, taking due accoiiin at each' 
stage of the just previously acquired capabilities of the leyrncr, 
• the requirements for retention of these capab.ililies, and the- 
.specillc stinuiliis situation needed for the. next stage in learning. 
As a consequence, instruction is. seen to be a very intricate and 
demanding activay. 

In any learning situation, there are a host oT external conditions that 
can be manipulated.-. Of first concern is t.he nature of the display. 

(I) Display. The' specific learning situation, or task-, the individual is 
faced with is iiis dispkiy; In an experimental, psychology laboratory experi- 
ment,- the disphiy is the equipment, cues, and task confronting the subject-. 
In piloting a plane, it is represented by the llij^it conditions and response 
panel.- The ^^external information in a given situation, pertinent' or non- 
pertinent to the task, represents the stimuli J^o which the organism will 
probably attend. The challenge in facilitating- learning is to modify the 
displa/ in such a way that desired outcomes are best me f. Tlie'^Heacher or 
instructor is external to the subject's display, but .serves us a potential 
display nioderator or manipulator. Cues offered by the instructor can make 
the display, easier to master for the learner, ' ' ' • - . 

fa)^ Merely changing the atmosphere from the previous practice can 
prove to induce sufficient improvement. The". Hawthorne experi- 
ment-, performed in the 1930\s, is a classic example of; thi.s. Several 
secretaries were pjaced .in_ rooms to work imder various different- 
working conditions. Light ilj.i.imination was changed, and the girls 
were giVeri free lunches, rest "periods, and even allowed to go home 
ea/ly at times. Every time a. change was made, 'tor the better or 
wor.se, production improved. For example, when the rest periods 
were taken away, production still increased.- Evidently, motivation 
was . elevated with ■ each^ situational change as the girls were re- 
"minded that someone wa,s concerned with, what they Were doing. 
A variety of experiences and environmental modifications can. 

■ remove boredom Und induce attention and motivation. " 

■ The previous discussion indicates the' social- aspects of changes .in 
the display. The physic ui lay-out, in terms of the .placement and 
liature of cues, tlie means to obtain feedback, and. the actual in'- 

"volvement of the. learner (active or. pa.ssive, guided or non-gUided) 
is more fuMy documented in the?literature on performance. 

(b) With regard to cues,: the i^/.vf/«/' aspects -of .the task display can be 
modified in numerous ways. At. initial levels of motor' leaiuing, the 
. yi.siial modality js apparently -of prime importance in contributing' 
.to su.ccess. When'visual, verbal,' and kinesthetic modalities arc com- 
pared in early effect on skill acqui.sition. the visual sense is usually 
found .to be most relevant. Therefore, anything the learner can 
con.trfbuie to the situation in already-developed- visual abilities, 
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e.g.. spatial-orientation, depth-perception, (along with desirable 
specific modifications in the display) will be reflected in learning 
progress rates and achievement. 

Oiie of the problems a learner usually nas when he confronts a 
new learning task, reasonably complex in nature, is to attend to 
too many cues or aspects of the situation. He does not selectively 
attend to the most relevant ones without experience and/or guid- 
ance. A variety of cues can be and is distracting. Also, many tasks 
require a continual selective cue discrimination process. A basket- 
ball player in the midst of a fast-break is bombarded with count- 
less, ever-changing, potentially-influencing stimuli: The dribbling of 
the basketball, direction, awareness of the relative placement of 
opponents and teammates, the backboard, the rim. the spectators 
and noise, and the coach's screams constitute some major .sources 
of input. Simultaneous attention to all these cues would obviously 
cause a break -down in performance. High-level performance is 
demonstrated in pSrt by concentration on the important cues of 
the moment, disregard for irrelevant ones, and perceptual aware- 
ness of po.^sible immediate changes in the situation. 

How does one reach that point in skill attainment? A good start- 
ing point is to examine the scope of the complex activity and to 
identify parts, (mini-displays) of it that can be acquir**d .separately. 
Returning to the athlete, he must go through stages of ma.stering 
the skills that contribute to overall success.' Conseq'uently he learns 
to dribble the b^ll to the extent he can execute this act at a level 
not requiring conscious awareness. Shooting skills are perfected so 
that they are not disturbed by defensive maneuvers, off-balance 
positioning, crowd noise, and so on. Proficiency in mini-displays 
and combined display experience lead:! to overall competency. 

A mini-display can be left as it is in the "real" situation or modi- 
fied according to emphasized desirable cues. In summarizing re- 
search, it has been concluded (Singer, 1968): 

Oftentimes certain visual cues are emphasized or artificial ones 
introduced in order to promote the learning of various skills. 
Sport examples of the artificial visual cues are found in ( 1) 
basketball, where spots or marks on the backboard provide 
specific points at which to aim for backboard shots: (2) arch- 
eryt-wiere sometimes the point-of-aim method is employed (a 
marker placed before the target is sighted upon); and (3) 
bowling, where the spot method of aiming is often used (a 
spot placed on the alley is aimed at instead of the pins). 

Artificial visual cues ar& u.sed either as an initial learning tech- 
nique, to be disregarded later, or as a continual performance 
aid. Although research is scattered and inconclusive on the 
value of these techniques, it does appear as if many of them 
" are of value in fulfilling certain objectives. Theoretically ana- 
lyzing the problem, specific and precise visual cues are easier 
to attend to than general vague ones. Furthermore, nearer 
cues should be easier to aim for than those more removed. 
However.. not all learners will benefit equally from the iden- 
tical cues in the same task. 
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Most of the, work in the arrangement of displays, can be found in 
the industrial and aviational psychology litf*rature. Simplifying dis- 
' plays and rearranging them so that the perceptual information is 
more obvious and easier to^. attend to naturally results in greater 
insight into the task In a study by Belbin and Hill (1^>57), work- 
ers on complicatecf olotii weaves were subjected to special tech- 
niques of training. Hsscntially it was discovered, that an inadequate 
.nuniber of visual cues were present in the task. By reconstructing 
the task so that the weaves were enlarged, the cues were more 
visible. With improvement jn performance, the displuy was once 
again placed into its original dimensions. The efficiency of this 
technique was demonstrated Jn the study as well as some subse- 
quent research. 

ic) Besides the importance of cue arrangement in the display fo' 
understanding the task, visual feedback functions to motivate, rein- 
a force, and direct behavior. In rnost tasVs, a person can see how he 

has done. In other ones, visual feedback is withheld or distorted. 
As is the case with all forms of feedback, immediate and accurate 
returns are desirable. Visual task cues, when compared to verbal 
and kinesthetic ones und^ir systems of withholding or emphasizing 
have often been found to be the most beneficial to skill acquisi- 
tion. Therefore, motor tasks should contain visual information on 
performance returns (seeing the results of one's operations) as uell 
as clear and specific visual cues for information processing. 

(d) Finally, displays have been adapted from real situations to arti- 
ficial ones. In many industrial, military, and vehicle operation 
tasks, equipment is e.xpensive and an eiement of danger may be 
• present. Simulated equipment permits the training of large num- 
bers of individuals who otherwise might not have. the opportunity 
to learn. Devices are thus made specially to simulate, to a certain 
e.xtent. the actual performance conditions or, perhaps, to prepare 
the individual, for the actual task via emphasized au'''io-visual or 
tactile and kinesthetic cues. c 

These device^ have been categorized according to their primary 
functions. A trainer is usually used as an aid in prompting cues 
liccessary for the learning of a skill. Film.s or specially designed 
equipment help the learner to gain greater insight into the nature 
of -the real task, although they generally do not simulate it. The 
l^urpose of a simulator is to provide simulated practice on the skill 
m the way it is lo be generally performed (e.g., see Travers, 1963). 
For instance, in many parts of the country it is impossible to play 
golf all year. However, the Electronic Golf Range, developed by 
Brunswick, provides realistic golfing conditions. Regulation woods, 
irons, and balls are used with this computerized apparatus, which 
simulates a golf course and true playing conditions. Golfers can 
improve theii strokes, have the opportunity to play when outdoor 
weather docs not permit it, and enjoy the competitiveness and 
reality of the golfing situation. Fake plane cockpits, automobile 
controls, and machinery displays may serve as simulators or train- 
ers. 

(2) Practice considerations. Not only can the display be manipulated to 
O o / 
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the benefit of the leurner, but pructice conditions may be specified as well. 
There are so many v;,riables that a mere brief description is all that is 
possible in this paper. Most of these considc;ations are "old-hat'' to 
psychologists. That is, they have been investigated from angles througlioiit 
the century, theories nave arisen, and still disagreement -exists on many 
crucial issues. Generally, research indicates the following: 

(a) A skill may be practiced continuously [massed conditions) or with 
rest pauses or interpolated skill learnings (distributed ptuctice). 
For most skills, distributed practice exerts a more positive influ- 
ence on performance than massed practice. Th'v. is evident, for 
although immediate skill acquisition is favorecl under distributed 
practice, tests of retention demonstrate little difference in per- 
formance between initially massed and distributed practice groups. 

.(b) Prjctice alone is not sufficient for improvement. Without knowl- 
edge of results, learner's interest and attention, meaningfuiness of 
the task to the learner, understanding of goals, intent [o learn. 
readiness to learn, and some degree of relationship of practice 
conditions to real conditions, practice lor all practical purposes is 
wasted, • 

{c) Overlearning. or practicing past a c iterion, results in better reten- 
tion of that which has been learned. 

^' (d) Better learned skills are less prone to be disrupted by manipulated 
' environmental conditions. Varying instructional or stressful condi- 
tions are more influential during the initial and unstable stages of 
learning. 

(e) Positive re>nforcement is a form of reward and it increases the 
prob bility of the desired act to occur. Random reinforcement is a 
more effective continual form of motivation than constant rein- 
forcement. 

(f) Very high motivation impedes progress in complex tasks, Highest 
performance is attained by individuals with intermediate;, motiva- 
tion or .drive, and as tasks increase in complexity, individuals with 
moderate motivation do better. Evidently, taere is an optimal mo- 

.tivational level for each task, 

(g) Reasonably hard, specific , but attainable goals produce better per- 
formance than easy goals or a general goal to do one's best 
(Locke, 1968). 

(h) Behavior is intluenced by previous expeii^^nces. Greater resem- 
blance between task elements, between their respective stimuli and 
responses, results in a greater amount of positive transfer. Transfer 
is influenced by such factors as amount of practice on the prior 
task, motivation to transfer skill, method of training, ar J intent to 
transfer. 

(3) Practice conditions. The general practice considerations just men- 
tioned, althou^'h based on research in the motor skills area, can also easily 
be applied to the learning of any matter. The list, of course, could be 
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extended considerably. Let us examine at more depth some of the unique 
conditions associated with nu)ti>r skills. 

(a) hirst of ull. motor skills are Usuaily rctaincJ better and longer than 
(he learning oj other tiiatter. It could be because there are less 
competing responses tor them, they are over-practiced, and ihey 
are more important and meaningful to the learner. When the 
motor skills to be learned beeome more abstract and non-meaning- 
ful, the retentit)n curve resembles that of verbal or written niatter. 

(b) In the area of kfunvlcJ^c of n'suhs (or feedback), various kinds 
have been identified (see I'igure ^)). Information provided to the 
performer during and after his execution (.)f an act, from internal 
and /or external st)urces. constitutes knowledge of results. Gener- 
ally speaking, knowledge of one's performance outcomes may Jake, 
two directions: js actnfn feedbaek or learning feedback (Miller. 
P>53). Action feedback provides information on the adequacy of 
the individual's responses in the given situation but learning feed- 
back goes a step further; It presumably enables the person to cope 
with the task more eff^jtively. He actually learns how to adjust 
his responses in future similar situations, 

I he categories of khi)wledge of results ( KK ) oanneratcd by Hold- 
mg (U>()5) in I'igure 7 are most useful in understanding tlie vari- 
ous dimensii)ns of KR. In realistic situations, the learner is pro- 
vided with some form of intrinsic with regard to his perfor- 
mance. Proprioceptive activity and the tactile senses inform him as 
li) "feel" of the response! Visual feedback indicates accuracy in 
acconiplishment| Artijiciul KR, also referred to as augrncntcJ KR, 
is incorpi)rated /into the learning situation when special cues are 
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Figure 7. Different Kinds of Knowledge of Results. (From Holding, 1965). 
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added. CommciUs by an outsider or supplementary artificial visual 
and kinesthetic cues may facilitate the early acquisition of a skill. 
. There is danger, however, in the learner relying too heavily on 
augmented KR, In the real task, once artificial KR is removed, the 
effects may be quite detrimental, i'herefore. artiticial information 
must be applied with caution, if it is to be used at all, 

Arlifici;ii KR may be supplied during Ihr task or at its completion. 
Cotnurrvnt KR and tvrniinal KR are both useful sources of in- 
formation to the learner. Assuming the value of immediacy in 
reinforcement, concurrent information should be of more value in 
some tasks, terminal KR in others. Much depends on the nature of 
the task. /Xlthough there is debate over the relative effects of 
various terminal delays in KR on performance, one conclusion 
appears to be sure: it must be provided before the next response 
is made, for most effective results. During eon current KR. any 
delay will be disruptive. Hence, immediate and delayed KR must 
be considered in the context of concurrent or terminal feedback. 

Verbid . and non-verbal KR have been shown to improve skill ac- 
quisition. It was mentioned previously under the topic of '*Dis- 
play** that a comparison of kinesthetic, visual, and verbal cues 
usually leads one li) place least iniporiahce on verbal cues of the 
three avenues of information feedback. Nevertheless, verbal co;n- 
nienl> serve to motivate, direct, and reinforce actions. The nature 
of verbal KR must be viev^ed i^n relation to the learning level of 
the individual and the complexity of the task. 

(c) y'dnous guidance, demonstration, and insnuetional techniques have 
been used in eonibination or alone in an attempt to improve the 
conditions under which one acquires motor skills. Verbal guidance 
is important for direction, although an early study and practical 
experience enables us to realize that too much talk or complex 
instructions will handicap learning in the initial stages. Manual 
guidance, or external manipulation of the passive learner on the 
part of the teacher, may prove benefi'*ial. This procedure familiar- 
izes the learner with apn*-- ses. It activates the pro- 
prioceptors involved ^.civiiy ana provides the learner with a 
^ **feer* of the appropriate movement. 

Demonstrations by experts, in persc)n or on film, direct the learner 
^to the desired objectives of the task. Seeing what is ultimately 
expected of the learner helps to yield mental images associated 
will motor performance. When objectives are clarified and speci- 
t*ie<.. consequent attempts at attaining them become more purpose- 
ful and effective, 

Instructional techniques encompass so many possibilities that it 
would be unreasonable to expect to do justice to them here. 
Nevertheless, the following include some of the variables of con- 
sequence in human performance, 

Motion pictures, loopfilms. pictured representation of the task, 
video tape, tachistoscopes. and other visual aids have been em- 
ployed in the research with varying degrees of success. Musical 
accompaniment to the learning and performance of industrial tasks 
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and athletic skills have also yielded inconclusive elTects on relaxa- 
'^tion, motivation/stimulation, rhythm developnjent, . or for other 
specially designed purposes. , •■ 

Whole and puri techniques of instruction (practicing the task in its 
entirety or fractionating it for practice purposes) have influenced 
outcomes depending on the" nature of the task. Recent efforts by 
Naylor and Briggs (1963) have helped to clarify the issue. They . 
identify task complexity and task organization (interrelationship of 
parts) as dimensional considerations. One of the important con- 
clusions is that tasks high in complexity and low in organization 
will be best favored under part-practice conditions and vice-versa. 

Menial rehearsal (conceptualization, self-verbalization, mentfil prac- 
tice, covert practice, mental imagery) of a motor skill has been- 
verified through substantial research findings as an aid in learning. 

The teaching of mechanical or other principles prior to task learn- 
ing in the hope of genCralizablc transfer to situations where they 
are applicable has somctihies proven to be an aid; othertimes not. 
Consideration must be given to. the learner's understanding and 
ability to apply these principles, among other factors. 

In the area of bilateral transfer or cross-education, sttidies indicate 
the generalization effect of responses. For example, a limb trained 
in a task for learning or strength outcomes improves the perfor- 
mance of the '*non-praciiced" corresponding limb. The sequence 
or order in which tasks are learned may effect total performance 
" outcomes, as is the case with verbal ' material. At least one re- 
searcher (Sing&r, 1968) dealing with realistic motor skills has not 
found the seqticntial order of learning tasks to make any appre- 
ciable, difference. Also- on the topic of transfer, intra-task difficulty 
has been investigated .with- conflicting results reported.- Should indi- 
viduals be taught a series of tasks leading from the simple to the 
most difficult or vice-versa? In an archery experiment, it^ was 
.found that such progressions made little differential performance 
outcomes with college students (Singer, 1966). . 

Since most motor skills require speed and accuracy, these variables 
are of special concern when training students. It would appear that 
the oft-employed process' of slowing down responses in order to 
concentrate on initial accuracy is a questionable procedine if both 
speed and accuracy are equally-contributing factors to proficiency. 
Practice should simulate actual conditions. Exceptions are" made 
when the learner demonstrates a special need for a particular em- 
phasis on one variable or the other. 

One of the major broad issues is whether or not practice should 
■proceed in a trial and error method or with errors minimized. 
There are those who believe the individuar learns from his mistakes 
and that all possible responses, correct or incprredt, should be 
encouraged in a situation. Others uphold the Skirmerian approach 
in ''shaping*' behavior. Based on techniques employed in leaching 
machines or programmed texts, .simplevmaterial is acquired first 
before t hi* learner can go on to more complex/endeavors. The 
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learner cannot proceed until each step is mastered. Krrors arc 
omit ted of at least minimized. 

Researchers have compared traditional and programmed instruc- 
tional differences in classroom settings where •'academio''^ matter is 
learned. Usually, no performance distinctions are noted or else 
students subjected to programmed techniques fare better on writ- 
ten tests purported to measure content mastery. A much greater 
obstacle exists in attempting to design similar experiments in the 
psychomotor domain. How to program the learning of motor skills 
is a challenge to educators, trainers, nd researchers. An attempt 
was made by Newman and Singer (l^U^S) who found little per- 
formance differences in beginning tennis players taught by tradi- 
tional and programmed procedures. However, it was speculated 
that with a longer duration of the experimental period, the pro- 
grammed method might have proved to be more effective. 

Theoretically, the issue is whether errors or inappropriate re- 
sponses will be beneficial in the learning process, or detrimental, as 
they niay be perpetuated and stabilized. Logical retorts could be 
offered in favor of either stand. Although one might not believe in 
too rigid an approach in trying to omit errors. Skinner's (1^>68) 
suggestion to teach the learner to discriminate between good and 
bad form before embarking on the task sounds reasonable. What 
follows is automatic self-reinforcement when desired responses oc- 
cur. Furthermore, he states that reinforcement' should be made 
immediately contingent upon successful responses. With the cur- 
rent enthusiasm in programmed techniques for written matter and 
numerous books on operant conditioning (a la Skinner) presently 
being published, such implications for motor learning should be 
seriously analyzed. 

Future Direciions. 

The psychomotor domain is wide open for research to answer the many 
unresolved prooletns. Psychological literature is replete with verbal learning 
investigations and the study of lower forms of organisms. Satisfactory ap- 
plicable research tin dings are needed to provide a better understanding of 
the learning process involved in the acquisition of motor ^kills used . so 
often in daily routines. 

For instance, information processing specialists have determined the 
number of^'bits.** or information, that can be handled or processed at one 
time with regard to written matter or stimuli offered through a particular 
sense modality. Knowledge of the channel capacity of a learner could cer- 
tainly make motor learning more functional and efficient. If the channel 
capacity of the person learning a motor skill could be determined, the ideal 
amount of information would be presented to him at one time, resulting in 
the most productive learning situation. 

Social situations cooperation, competition, and the presence of an 
audience exert intluence on the acquisition of skill. Often motor learnings 
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occur realistically tn such settings. Working alone or in a teamwork opera- 
tion may result in dissimilar performance. 

The nature of psychomotor abilities and their relation to skill acquisi- 
tion must be better defined. As Roberts (l%8-69, p. 18) writes, '*the 
available evidence tends to support the notion that relationships between 
abilities, lea.ning performance, and the practice stage variable are multi- 
dimensional and therefore complex." Roberts, concerned with the practical 
applications of research primarily undertaken in the laboratory, asks a few 
questions that are pertinent here. Can a person's abilities be reliably and 
validly assessed? What abilities are needed for success in each task'? Can 
weak abilities be identified, and can specialized training of a remedial na- 
ture improve the chances for succeeding in a given skill? 

Certainly many other problematical areas can be identified and questiotis 
raised. The problems are great but n.»t insurmountable. There is little doubt 
that media specialists will play a large role in the future in enabling learners 
of motor skills to gain more efficient and effective ways of reaching their 
goals. (1) They can provide the ideal models for the learner to emulate. (2) 
Task simulation will help those deficient in aspects of performance or those 
interested in maintaining performance levels. (3) Also, cueing prior to and 
during the execution of a skill or series of skills constitutes another pos- 
sible function of media. These obvious services will hopefully be realized as 
well as the many untouched applications of media to the mastery of move- 
ment behaviors. 
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The Classification of Educational Objectives 
In the Psychomotor Domain 



Elizabeth J. Simpson 
"United States OiTicc of Etiueation 

Tlircc classificalion systems for educational objectives; one .in the cog- 
nitive domain,, a second in the affective domain, and a third in the psycho- 
motor domain have been developed as, tools for writing and analyzing 

'educational -objectives. It must be emphasized that these are tools to be 
used with educational obj^'ctives. They were not iiuendeci as tools for das- 
sifying hehaviors perse. . . 

With respect to the psychomotor domain, some have tried to use the 
class ifi cati<)n schema to classify all sorts of motor ;ict,s. There arc systems 
for classifying motor acts and these arc extremely valuable but the system 

.presented in this chapter is for classifying educational objectives which 
emphasize some .muscular or motor skill, some manipulation of material 
and oi)jects. -or-some act which requires neuromuscular coordination. These 

.objectives are stated in tern-js of abilities and skills. 

o . There' is a way in whicli the usefulness of the classification systems can 
be broadened. Tjiey can be employed in developing and^analyzlng 7a/r;?//?j^ 
cxf)ericnces or tcacliing strategies. The classification systems were used in 
this way in a home economics curricukim development project at the Uni- 
versity of Illinois'. • . ' ' 

Purf)oses of the Sclienm for Classifying tklucational Oiyjectives 

Till' Taxonomy of l:ducationai Objectives. Cognitive Domain (Bldpm et 
al., I ^^56), provided for classification of educational goals which deal with 
the recall or recognition of knowledge and the development. of intellectual 
/abilities and skills. Briefly, the purposes of the taxonomy' as .given by its 
originators, are the following: . 

. 1. lilooiiii, Hcnjamin S.. Miix Ijigclhart. I'.'dwuVd l-urst, WaUcr II. Hill, and 
David K. KraUiwohl, Taxonomy, of tCduaniondi Objeciive^, flandhook t, Cognitive. 
f)omain, David McKay Company. Inc., New York, 1956, pp. 1-3. 
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1. To help teachers, administrators, professional specialists and 
research workers who deal with curricular and evaluation 
problems to discuss their problems with greater precisit)n; 

2. To luL'ilitale Ihe exchange oV iniormution about curricula r 
developments and evaluation devices; 

^. To suggest the kinds of objectives that can be included in a 
curricuUnn; 

4. To help teachers and others to gain a perspective t)n the em- 
phasis given to certain behaviors by a particular set of educa- 
tional plans; 

5. To help curriculum builders to specify objectives so that it 
becomes easier to plan learning experiences and prepare evalu- 
ation devices. 



The purposes ot" the taxonomy as set forth iti the hatidh^jok oti the 
cognitive domain are applicable [o the classification systems lor all of the 
domains. And, as was stated previously, the systems may be used in de- 
veloping and analyzing learning experiences as well aj^ objectives and, prob- 
ably, could be applied to the development and analyses of joMtcnl, teacli- 
ing aids and facilities, and means of evaluation. 

Need for Classijhvfiofi System for lulucatioiial Objectives. Fsyclioniotor 
Domain 

Tht)se who proposed taxonomies of educational objectives for the cog- 
nitive and affective domains indicated that they had no special interest in 
the development ol a classification system for cdi^ational objectives in the 
psychomotor domain. They stated that, "Although we recogni/c the exis- 
tence of this domain, we find so little done about it in secondary schools 
or colleges, that we do not believe the development of a classification of 
these i)bjeciives WDuid be very useful at present.""^ Later statements made 
by those who gave leadership to developmeni of the first two taxonomies 
of educational objectives gave no evidence ol* a change in iuierest t)r intent 
with respect to development of the third. 

Having made rather extensive use of the first two taxonomies of educa- 
tional objectives, the autlior felt a serious lack in not having a classification 
syst^Mii for educational objectives in the psychomojor domain for use \\\ the 
development of curriculum materials and as a basis for evaluation of edu- 
cational outcomes. 

The psychomotor domain has relevance for education in general as well 
as for such areas of specialization as industrial education, agricuhure, home 
economics, business education, music, art, and physical education. Edu» 
cators in the field of vocational and technical ^educatioti have a keen in- 
terest ''in a classification systeni for educational objectives in this domain 
because many technical jobs require a high degree of ability and skill in the 
psychomotor domain as well as in the cognitive and affective areas. 

/ / 

2, Ihid . pp. 7-H. 
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A classificaliDii system (or psychoniolor objcclives luis of (he au- 
vantages of the classification systems for ihe other domains: il can be o\' 
use in researcii on leaching i'or liie development of iiu)tor abilities and 
skills; teachers and curriculinn makers can make use o( it lo conmiunicate 
more easily with those they serve. Perhaps the greatest benefit lies in the 
rounding out of ihc three domains, thus permifung a more cmnprehensive 
study Of the lotal field of objeclives. A second ortlei of benefils results 
from tile abiliiy lo design educational programs which are sonsilive lo the 
full raiige of objectives impacting on the learner and lue instruct ii>nal sel- 
lifig. 

Difficulties Infivrcn: in iiic Task 

Preliminary investigations vvilh respect to the development of a classi- 
ficatioir system for educational objectives' in the psychomotor domain led 
lo the conclusion that there i^ a hierarchy among the three domains. The 
cognitive domain, thougli certainly very complex, is in a sense, somewhat 
**purer" than ijie other two domains, Thaf is. cognition can take place with 
a minimum of motor actiyity. Also, feeling may not be greatly involved 
althougli it would seem reasonable to assume some de'gree ol' affect. The 
alfeelive domain necessarily involves coi^siderable cognition as well as feel- 
ing. Aid. tlie psychomotor domain, as implied in the very name, involves 
cognititni aijd motor activity, as well as affective components involvetl in 
the willitigness to act. The increasingly strong involvement of all three 
domains.. I mm the cti^nitive to the affective to the psycluiim»lor. results \\\ 
a special problem of complexity in developing a classification system for 
this last domahi, 

Prelitninary investigaiions also revealed anotlier problem that of render- 
ing the sys-teiu taxoitomic, A cla.ssification system that is not laxonomic 
would have merit in the study i)f educational objectives. But. one that is 
laxonoimc should prove more valuable in detcrniining tlie relative difficulty 
of acliieving the objectives and as an aid in determining sei|ue!ice of learn- 
ing experiences. The pri>blem was one of arriving at a basis for determining 
.he relative difficulty or amount of skiM involved in achieving educational 
objeclives concerned with motor activity. 



III developing the classification .system for educajional objeclives in tlie 
psychomotor domain, the approach taken was an exploratory one. General 
procedures were outlined, but these were deliberately left llexible. accomo- 
dalive. uiid "open," 

The disadvuniage of such an approach is the possibility of some loss of 
time and energy in pursuing the objective, (hat is. this approach may be 
Q lewhat lacking in efficiency. On tlie other hand, it avoids the narrow 
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Teslriclivencss of a more cui-aiid-dried approach, h opens (he \vu\ for the 
possibiUues of greater crealiveiicss. 

Work under taken duriiig !^)M-05 under a small grant troni ilie Bureau 
of tducalional Research. L'niversit\" ot* Illinois, consisted niuhily of library 
research, cotiferences with scholars in educational psychology and the sub- 
ject areas concerned with psychoniotor objectives, and souie an.\iysis of 
motor activities related to educational objectives. .Suffice to say. the work 
did give the investigator some contldcncc that the general procedural pLm 
being followed miglit be a fruitful one. General procedures included thc"^ 
following: 

1. A coinpre|]cnsivo review ot' related hlcrauire. especially of any 
that described -wj\ s of classifying psychoiiiotor acliviiles jnd. 
hence, suggested possibilities lor classifying the educatioiial 
objectives ot this domain. 

2. ( olleeiing and analyzing the l)ehiivioral objectives of ihi.s do* 
iiuiin as one way of gaining insight regarding a possible cla.s.sil'i- 
^ 'ion system. 

.V M>raiory anal\ses ot certain t:isks to discover by observa^ 
I ion and introspection the nature ol'nhe psychoniotor activity 
involvt J. These analyses we.re carried out by the research as 
sislants on the projecl who had read widely in the area before 
attempting the analyses 

4. Conferences with scholars who have specialized knowledge of 
the nature ot' psycWoniotor activit\'. developnieiit of classitica- 
lion systems f(^r educational objectives, and of the areas ot 
study A'here educational objectives in the psychoniotor do- 
main are of paruniounl concern. 

From the beginning, it-'^^ readily apparent that, if the classificatioti 
system were to be taxonomic in form, an "oj:gani/.ing principle*' would 
have to be found. This question was one (hat the investigators kept in 
mind as work progressed. 

Ascertaining what objectives "fit** in this domain was a:* early concern. 
//I he definition given in the Tax(m())ny of tAlucational Objectives, Ajfcctivc 
D())}iaiii^ served as a guide. Psycliomotor objectives are those whicli "em- 
phasize some muscular or motor skill, some manipulation ot' material and 
objects, or some act which requires a neuromuscular coordination. ' 

t samples which were checked and appioved by specialists in the subject 
tlelds mvolved. as belonging in the psychomotor domain, were: 

fmhisrnal Arts 

1. lo develop skill in precisior; surface grinding operations 

2. lo develop skill in setting-up and operating a production drill 
■ . . ; press 

.V Krjilu.olil. Da^'id R.. Henj;imin .S. Hluofn. and Herlrani H. Wasij., Taxonomy of 
hiJucaiionuf C>/>/t'{7/rc'\. /landhook // AJ'J(\tin' Domain I);iviJ McKuy Company. Inc:. 
Svw York. tMh4. p. 7. ^ 
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fi 

3. To develop skill in setting-up and operating a production band 
saw 

A gri cull lire 

4. To develop skill in using an instrument similar to a syringe in 
penetrating a peaeh to extract a -measured aiijount of juice 
and pulp to determine spray residue 

5. To develop aoiiity .to pollinate an oat Hower which involves 
using tweezers to open palea to place pollen on the stamen 

1 6. 1o dtjvelop manipulative skill in debeaking a chick 

"7. - To develop ibility to place tlowers on desired foundation 
based on a preconceived ideal with regard to a particular ar- 
rangen^ent 

Home k'eon amies / • 

8. To develop skill in /draping material to fit a certain body 
proportion with a partkular preconceived design . 
To develop skill in designing a Hat patiejn which can be used 
. to make a garment / 

10. To develop ability to whip/ egg whites to their maximum vol- 
ume / 

/ 

Musie 

11. To develop correct arm. hand, and finger positions in holding 
and playing a violin in response to aural cues 

12. To develop tjbility of a student to play his part in a synchro- 
ni.ed and balanced way with a group of students in the pro- 

..duciion of a piece of music 
. 1 3. To develop ability in directing a musical group so that each move- 
ment has the same interpretation to each person in the group 

14. To develop ability to produce the required amount of lip and 
■' breath control to achieve the desired duration, volume and 

character of a note on a French horn 

' Physical EJueaiion 

15. To develop ability to maneuver and control one's body in 
propelling the body upward through the air as in high jumping 

16. To develop ability to maintain proper stance and execute fol- 
lo\^-through of movement after hitting a golf ball 

17. To develop ability to draw a bow and hold that^^position while 
aiming arrow 

18. To develop ability to throw a ball a desired distance to a 
desired pi.ice 

Art 

It) develop ability to sketch a figure :tr»d costume it with the 
desired clothing design 
* 20. To develop ability in. manipulating a shuttle in weaving fabric 
on a loom ' ^ 

How »hc foregoing objectives are staled may concern sonic. Most arc 
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fairly broad and encompass a iuimbt»r of more limited behavioral objectives. 
The concern at this point was with' defining clearly this domain of educa- 
tional objectives; the examples contributed to the purpose. 

It was not always an easy task to determine whether a given objective 
was primarily of one type (cognitive, affective, psychomotor) or another. 
One problem was related to type of performance called for in the objec- 
tive. The concern of the project in developing the classification system was 
performance of a particular sort, that involving motor activity. But. per- 
formance may be almost wholly of a cognitive type and, although at this 
point of time with reference to the project it seems a bit strange, confusion 
sometimes resulted from unceriainty regarding tlie primary nature of the 
activity involved in an objective. 

Another problem, one that is frequentJy encountered in analyzing edu- 
cational objectives in all three domains, had to do with the lack of speci- 
ficity of objectives as given in many curriculum guides. That is, many that 
certainly involved a great deal of motor activity, almost equally also in-, 
volved the other domains. These were broad objectives, such as: Ability to 
give a successful party. Ability to conduct a meeting. Ability to conduct a 
play period for .small, children. The investigators finally concluded that 
these were in an '^action-pattern" domayi, hence beyond and encompassing 
i\te other three domains. 

Certain definitions were arrived at as ones that would be useful in com- 
municating regarding the psycliomotor domain. These were as follows: 

auditory pertaining to hearing or the sense or organs of hearing. 
audit()ry cues volume, pitch, timbre, distance, pattern of sounds. 
cues a stimulus which serves as a sign or signal of something else, the 
connection having been previously learned. 

selection deciding what cues one must respond to in order to 
satisfy the particular requirements of task performance. 
vmotional set readiness in terms of attitudes favorable to the motor 
acts taking place. 

/■///*' motor acts ihosc that are performed by small muscles, especially 
of the fingers, hand and forearm, frequently involving eye-hand 
coordination. 

gross tnotor acts those involving the large muscle groups of the body. 

especially of the shoulders, trunk, and legs. 
kificsfhctic the muscle sense; pertaining to sensitivity from activation 

of receptors in nmscles:' tendons, and joints. 
mechanism a habitual way of responding. 

mental set readmess. in the mental sense, to perform a certain motor 
act. 

perception the process of becoming aware of objects, qualities, or rela- 
tions by way of sense organs. 

physical set readiness in the sense of having made the anatomical and 
postural jdjiistments necessary for the motor act to take place. 

psychonuitor objectives those which emphasi/.e some muscular or 
motor skill, some manipulation of material and objects, or some 
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act which requires a neuromuscular coordination. These objectives 
are slated in terms of abilities arid skills! 

readiness to respond set to produce an overt behavioral act. 

reflex aetion an act. as a movement, performed invi)luntarily in con- 
sequence of a nervous impulse transmitted inward from a receptor, 
or sense organ, to a nerve center and oulivard to an effector, as a 
muscle or gland, 

response overt behavioral act of an individual, 

sensory stimulation impingement of a stimulus -upon one or more of 
the sense organs, " , 

set a preparatory adjustment or readiness for a particular kind of ac- 
tion or e,\perience, 

smell to perceive by excitation of the olfactory nerves. 

smell cues (odors) ethereal, such as fruity . lemon : fragrance, as violet: 
burned, as tar; putrid, as bad fish; resinous, as pine:. spicy, as 
cloves, 

stimulus the source of energy which affects a sense organ: what the 

behavior is responding to in a situation. 
tactile pertaining to the sense of touch, / 
tactile cues ie.\ture. temperature, shape, si/e. pressure, position, stale 

of motion, weight, 
taste ascertaining the relish or flavor by taking some into the mouth. 
taste cues saltiness, sourness, bitterness, sweetness. 
translation process process of relating perception io action. 
\'isua{ concerned with the menial pictures or images obtained through 

the eyes. 

visual cwfi' color, spatial relations, shape (line. form. size), motion, 
light and shade. 

Assistants on the ]Koject atlcinpicd to determine exactly what happens 
in what sequence when one is working toward the achievement of an 
objective in this domain. Two examples of the details of these efforts 
follow: 

OBJECTIVE SEQUtNCt OF ACTION 

IN CARRYING OUT TASK 

A. Ability to stack a lr<iy. I. Perception 

Visual, tactile and kinesthetic 
. :.Sel 

}. Response 
Readiness 

Selection of response 
Imitation 

Gross muscular activity 

4, Mechanism response is learned 

5. Complex overt response 

Resolution of uncertainty 
Automatic pe rf t) r m a n ce 

B. Ability to carry a large tray. 1. Perception / 

■ l.i:V4sual 
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. ■ / , * 2. Set • . ■ 

2.10 Mental set 

2.1 1 Discrimination 
/ ■■ .. 2.20 Physical set . * . 

... ■ • 2.2 1 Receptor set.' 

. 2.22 Postural set 

. 3. Response 

•3.10 Readiness to respond 
3.20 Selection of response 
3.21 Imitation . 
.... 3.22 Trial and error 

4. Mechanisnfv-'learned response 
. . 5. Complex overt response 

5.10 Resolution of uncertainty 
^ 5.20 Automatic performance ■ 

As the described procedures were being carried out-, a number of at- 
tempts at the development of a useable classification system were beiiig 
made. Finally, useable schema was achieved. Feedback froni'a number of 
interested persons afterr publication of the initial report in the Illinois 
Teacher of Home Economics^ and presentation at a number of education 
conferences, in addition to conferences with some scholars not previously 
consulted, resulted in some revision of the schema and some thought as to • 
possible further revision. vV ' 

The present form of the classification system is herewith presented. 

.■,.■/. . r _ . 

The Schema for Classifying Educational Objectives in the Psychomotor 
\:poniaif'i * ' ' 

/ V The major organizational principle operating is that of complexity with 
- attention to the sequence involved in the performance of a motor act. That 
is, objectives that would be classified at the lower levels are less complex in 
nature than related objectives at upper levels. In general, they are easier to 
carry out. And, those at the upper levels build on Uiose at the lower. 

1.0 Perception -This is an essential first step in performing a motor 
.act. It is the process of becoming aware of objects, qualities, or 
relations by way of the sense organs. It is a necessary but not 
sufficient condition for n^otor activity. It is basic in the situation- 
interpretation-action chain leading to motor activity. The category 
of perception has been divided into three subcategories indicating 
three different levels of the perception process. This level is a" 
parallel of the first .category, receiving or attending, in the affec- 
tive domain, :/ 

1.1 'Sensory sti nm la t ion -Impingtmcni of" a stimulus upon one or ' 
more of the sense organs. - - ' 

' 4. Simpson, Elizabeth Jane, "The Classitlcation of iLducalional Objectives. Psycho- ' 
-motor Domain/* Illinois Teacher of Home luonomics, Vol. X. No. 4. pp. 110-144. 

/"■ o .. ■ ■■ . ■ c. i 
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1.11 Auditory -Wcmn^ or the sense of organs of hearing. 
.1.12 K/ju^/ -Concerned with tlie inenta] pictures or images 

obtained through the. eyes: 
i. *1 3 7i/t7/76^- Pertaining to the sen.se ot* touch, 
. • . J. 14' Ti/A/t'- Determine the relish or flavor of by taking a por- 
^ ' tion into the mouth. 

1.15 Sinell-'Yo perceive by excitation of the olfactory nerves. 

1.16 Kincsihctic-Jhc nuiscle sense; pertaining to sensitivity 
Troni activation of receptors in muscles, tendons, and 
joints, 

1.1 ^cz/jt^rv jn>?/w/a//c^/?-Jilustrative educational objectives. 
Sensitivity to audito.ry cues in playing a hiusical instrument as 

a member of a group. 
Awarenes.s of difference in *Miand'* of various fabrics. 
Sensitivity to flavors in seasoning food. • • 

. / • ' ' ' ■ ^ 

The preceding catcgorit\»; are not presented in any special order of inv 

pcrtance, although, in Western, cultures, the visual cues are said to have 
dominance, whereas in some cultures, the auditory and tactile cues may 
pre-empt the higli position we give the visual. Probably no sensible ordering 
of tliese is possible al this time. It should also be pointed out that "the 
cues thai giiide action may change for a particular jiiotor activity as 'learn- 
ing progresses (e.g., kinesthetic cues replacing visual cues). ''^ 

1.2 Cue select ion -Deciding to what cues one must respond in 
ordej^' to satisfy, the particular requirements of task perfor- 
mance. This involves identification of the cue or cues and 

/ associating them with the task to be performed. 

It may involve grouping of cues in tcrni.s of past experience 
and knowledge. Cues relevant to the situation are selected as a 
guide to action; irrelevant cues are ignored or discarded. . 

1.2 .ye /t^c7/a/? -Illustrative educational objective's. 
Recognition of operating diffvciiUies with machinery through 

the sound . of the machine in operation. 
Sensing where the needle should be set in beginning machine 
... * . stitching. 

• Recognizing factors to take into account in batting in a soft- 

ball game. _ ■ 

1.3 'rr£//7.v/£///f;/p r Relating of perception to action in performing a 
motor act. This is the mental process of determining the 
nieaning of the cues received for action. It involves symbolic, 
translation, that is, having an image or being reminded of 
something, ''having an idea.** as a result of cues received. It 
may involve insight which is tcsseritiar in solving a problem 

• through perceiving the relationships essential to solution. Sen- 
sory translation is an aspect of this level. It involves '*feed- 
back," that is, knowledge of the effects of the process. Tran.s.- 

• ,* lation is a continuous part of the motor act being performed. 
i> , ■ ■ . ■ ' ■ 

5. Lorce, Kay, Correspondence with investigator, June, 1965. 
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1.3 r/'^iz/.v/i/z/fJ/; - Illustrative educational objectives. 
Ability to relate music to dance form. 
Ability to follow a recipe in preparing food. • 
/ Knowledge of the ^'feel*' of operating a sewing machine" suc- 

cessfully and use of this knowledge *as a guide in stitching. 

2.0 i^cr-Set is a preparatory adjiisttneni or readiness for a particular 
kind of action or experience. 

Three aspects of set have been identified: mental, physical, and 
■ emotional. • ' . 

2.1 Men nil .vt^^- Readiness, in the nien'tal sense, to perform a cer- 
tain motor act, This involves, as' prerequisite, the, level of per- 
ception and its subcategories. Discrimination, thai is, using 
judgment in making distinctions, is an aspect of mental set. 

2.1 Mental set - Illustrative educational objectives. 
Kn'owledge of steps in setting the table. 

■ Knowledge of tools appropriate to performance of various 
sewing operations. - . 

2.2 Physical .vc^ - Readiness in the ..sense of having made the ana- 
tomical adjustments necessary for a motor act to be per- 
formed. Readiness, in the physical sense, involves receptor set; 
that is. sensory attending, or focusing the attention of the 
needed sensory organs and postural set, or positioning of the 
body. 

2.2 /7f>'.v /ft// Illustrative educational objectives. 
Achievement of bodily stance preparatory to bovyling. " 
Positioning of hands preparatory to' typing. 

23 h'motional Jt/f -Readiness in terms of attitudes favorable to 
the motor acts taking place. Willingness to respond is implied. 

2.3 /w/rrj/ir>)/;£// .vtv "Illustrative educational objectives," 
Disposition to perform sewing machine operation to best of 

ability. . . 
Desire to operate a production drill press with skill. 

3.0 Guided response - This is an early step in the development of skill. 
Emphasis here is. upon the abilities which' are components of the 
• more complex skill. Guided response is the overt behavioral act of 
an individual under the guidance of the instructor or in response 
to self-evaluation where the student has a model or criteria against 
which he can judge his performance. Prerequisites to performance 
of the act" are readiness to respond, in terms of set to produce the 
overt behavioral act and selection of the appropriate response,- Se- 
lection of response may be defined as deciding what response must 
be made in order to satisfy the requirements of task performance. 
. There appear to be two major subcategories, imitation and trial 
and error. ' ' ■ 

3.1 //;]/m/iV;^r Imitation is the execution of an act -as a direct 
response to the perception of another person perforjuing the 
^cl. ■. . . " , . ^ ■ . . , , 

3.1 /w/rc/r/6>;2-Illustrative educational objectives. 
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imitation of the process of stay-stitching the curved neck edge 
■of a bodice. • . . 

Performing a dance step as demonstrated. 

■ Debeaking a chick in the manner demonstrated. 

2.2 Trial and e/:r'>>r— Trying various responses, usually with some 
rationale for each response, until an appropriate response is 
achieved. The appioprjate response is one which meets the 
requirements of task performance, that is, "gets the job done*' 
or does.it more efficiently. This level may be defined as mul- 
tiple-response learning in which the proper/response is selected 
out of varied behavior, possibly through the influence of re- 
ward and punishment. 

3.2 Trial and errc^r-Illustrative educational objectives. 
Discovering the most efficient method' of ironing a, blouse 

through trial of various procedures. 
DeteriTiining the sequence for cleaning a room through trial of 

several patterns. ^ 

4.0 Mechanism -LCiirncd response- has become habitual. At this level, 
the learner has achieved a certain confidence and degree of pro- 
ficiency in .the performance of the act.,, The act is a part of his 
repertoire of possible responses to stimuli and the demands of 
. situations where the response is an appropriate one. The response 
may be more complex than at the- preceding level; it may involve 
^ some patterning in carrying out the task. 

4.0 Mechanism -WhisivdiivQ educational objectives. 

Ability to perform a hand-hemming operation. - ■ 

Ability to mix ingredients for butter cake. 
Ability to pollinjile an oat flower. ' * 

5.0 Complex overt response— At this level, the individual can perform 
a motor act that is considered complex because of the movement 
pattern required. At this level, skill has been attained. The act can 
be carried put smoothly and efficiently, that is, with minimum 
■ expenditure of time and energy. There are two subcategories: reso- 
lutiori of uncertainty and automatic performance. 

5.1 Resolution of uncertainty -The act is performed without hesi- 
tation of the individual to get a mental picture of task se- 

■ quence. That is, he knows the sequence required and so pro- 
ceeds with confidence. The act is- here defined as complex in 
nature. ' ■ " . ' ■ ■ 

• 5.1 Resolution o/ t/Mcer/£/i/H>^- Illustrative educational objec- 
tives. . " . ^ 
, Skill in Operating a milling machine. • . * 
.Skill in setting up and operating a production band saw. 

5.2 Automatic ))erformance- M this level, the individual can per- 
form '(\ finely coordinated motor 'Skill with a great deal of ease 
and mu.scle control. 

■ 5.2 Automatic performance- \\\\x^Ui\{\\\i educational objec- 
• lives. 
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Skill in perrorniing basic stx'ps of national folk dances. 

Skill in tailoring a suit. 

Skill in performing on the violin. 



6.0 Adaptation Altering motor activities to meet tfu; demands of new 
problematic situations requiring a physical response. 

6.0 Adaptaiion Illustrative educational objectives. 
Developing n modern dance composition through adapting knpwn 
abilities and skills in dance. 

7.0 Origination Creating new motor acts or ways of manipulating 
iriaterials out of understandings, abilities, and skills developed in 
the psychomotor area. 

7.0 Originaiion Illustrative educational objectives. 
Creation of a modern dance. 

Crealtion of a new g:inie requiring psychomotor response. 



Appiication oj the Schema to an l\ducational Problem 

Following are some examples of educational objectives, 4II rekued to the 
problem of learning to use the sewing machine in garment construction. 
They progress from the simple to the more complex. Each objective has 
been classified with the taxonomy of educational objectives, psychomotor 
domain. 77/ list is not necessarily a comprehensive one for this particular 
problem. Only those objectives that may be classified in the psychomotor 
domain have been included. Obviously, some of these might also be clas- 
sified in the cognitive or affective domain; in analyzing such educational 
objectives, it will be helpful to indicate the appropriate category in each 
relevant domain. 

Problem: Learning to Use the Sewing Machine in Garment Construction 
I. Objectives at 1.0 Pcrcepiion level. 

Recognition of the sound of a sewing machine that is operating 
properly and the sound of one with operating difficulties. (1.2 
Cue selection.) 

Sensing where the needle should be set in beginning machine 
stitching. ( \ .1 Cue selection.) 

Ability lo follow pattern directions and markings in sewing a gar- 
ment. (1.3 translation.) 

n. Objectives at 2.0 Sot level. 

Knowledge of procedures in starting and stopping a sewing ma- 
chine. (2.1 Mental set.) 

Knowledge of how <o guide fabric in using sewing machine .so that 
stitching Is desired distance from the edge. (2.1 Mental set.) 

Knowleilge of How to thread machine. (2.1 Mental set.) 
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Knowledge of methods for finishing a line of stitches so that the 

stitches will hold. (2.1 Mental set.) 
Knowledge of how and when to adjust tension and stitch length in 

doing machine stitching. (2.1 Mental set.) 
Positioning of body and hands for conservation of energy and 

greatest efficiency in using the sewing machine. (2.2 Physical 

set.) 

Disposition to perform sewing machine operation to best of abil- 
ity. (2.3 I'lmotional set.) 

III. Objectives at J.O Guidvd Response level. 

Imitation of procedures in threading sewing machine. (,^.1 Imita- 
tion.) 

Imitation of procedures in operating sewing machine with respect 
to starting, stitching, and stopping. (3.1 Imitation.) 

Imitation of the process of stay-stitching a straight edge and a 
curved edge. (."^.1 Imitation.) 

IV. Objectives at Mechanism level. 

Ability to thread a sewing machine correctly without hesitation. 
(4.0 Mechanisfn.) 

Ability to operate a sewing machine stnoothly in starling, stitch- 
ing, and stopping. (4.0 Mechanism.) 

Ability to finish a line of stitching so it will hold. (4.0 Mechan- 
ism.) 

Ability to adjust length of stitch and tension without hesitation 
according to the requirements of the situation. (4.0 Mechan- 
ism.) 

V. Objectives at >J) Complex Overt Response level. 

Proceeding with increased confidence in operating a sewing machine 
and perfornJing in a coordinated way the various tasks that 
are involved in its operation. (S.l Resolution of uncertainty.) 

Skill in operating a sewing machine in constructing a garment. (5,2 
Automatic performance.) 

VL Objectives at 6.0 Adaptation level. 

Adapting skills developed in using one type or make of sewing 
machine to the operation of another type or make. (6.0 Adap- 
tation.) 



Concluding Statemen < 

The classi Heat ion system for educational objectives in the psychomotor 
domain presented in this chapter has been tried successfully. It appears to 
'■■ >rk! Next steps include consideration of certain tninor revisions in some 
oi the subcategories and "tleshi;ig out** the schema with further illustra- 
tions. 
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The Structure and Measurement 
of Psychomotor AbiHties: 
Some Educational Implications 



■ Edwin A. Fleishman 

American Institutes for Research 

■ " ' . . " / " ■ 

The contribution I feci best able to make to this conference is a descrip- 
tion of our research. on psychomotor skills over the pust i8 years. Specifi- 
cully* I will deal . with several interrelated areas. The- primary program (o be 

c discussed concerns the identification of psychomotor abilities accounting 
for individual differences in performance of a wide variety of psychomotor 
tasks. Within this program I will deal with a variety of ability areas ranging" 

" from fine manipulative perfpniiance_l^^ proficiency. 
A second program area in our work deals with relationships beTwceri^tH^s'c 
abilities and the learning of more complex psychomolor^skilis. Wilhiii this 
second- area we have dealt with a number, of learning variables inchiding 
amount of practice, transfer, and retention. 

In describing our research it' may be of particular interest to stress the 
definitions .of the 'psychomotor abilities which have, been deriWd from this 

. -research; to specify rtie kinds of tests and task materials utilized.in these 
studies and to describe those found to best measure these abilities. 

The specification of these abilities, measures, and materials have particu- 
lar "relevance to curriculum development./in that they, (a) help specify the 
range of activities that need to be covered in order to be comprehensive in 
this area, (b) they specify measures for possible use in. assigning or selecting 

/ stiidents for particular/ training efforts, or for evaluating progress and pro- 
ficiency in various areas of psychomotor performance, and (c) they provide 
suggestions for materials and apparatus development for inclusion in par- 

'.. licular psychomotor development and training activity. . 7 

Conceptual and Methodological Fi^aniework 

First 1 would like to define 'some .concepts which have been developed. 
1 i'ind it useful to ..distinguish between the concepts of ''abifity" and 
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''skill/'. As sve use the term, (ibiiity refers to a more general (rail of ihe 
individual which luis been inierred from Ihe correlations obtained among 
perfornuinccs of individuals on certain kinds of tasks. Some abilities (e.g..". 
. color vision) depend more on genetic than learning lactors, but moslubili- 
/• ties depend on both to some degree, in any case, at a given stage in life-, 
they represent trails or organismic factors which the individual brings wilh 
him svheii he begins to learn a new task. These abilities are related to 
performance in a variety of human tasks. For e.xample, the fact , that spatial 
- • visiiuli/.atiph has been found related to pei:f6rmance on such diverse tasks- 
as aerial " navigation, bkieprint reading .and dentistry, makes this ability 
somewhat more basic, ' ~ , ■ 

The [crm skill refers to the level of proficiency on a specific task or 
limited. group of tasks. As we use Ihe term skill, it is task oriented. When 
we talk^'about proficiency in Hying an airplane, in operating a turret lathe, 
or' in playing basketball, we are talking about a specific .skill. Tlius, when, 
we speak of acqujring the .skill of operating a turret lathe, we mean tliat 
ihis pcr.son has Ltcquircd. the sequence of responses required, by tiii.s specilic 
. task. The assumption is rhal the skills involved in complex activities can be ' 
described in terms of the niore basic abilities. For example, the level of- 
;"; performance a man can attain on a turret lathe may depend on his basic 
■ abilities of manual dexterity and motor coordination. HowevX^r,. these same 
■V basic abilities" may be important to proficiency iti other skills as wed. Thus, 
. — nianuai dexterity-is^necded in assejnbling electrical components, and motor 
coordination is needed to lly an airplane. 

'. Implicit in the previous analysis is the important relation between abili- - 
ties and learnliig. Tims, individuals -with high hianual deKi.erity may more 
readily learn the specific skill of lathe- operation. The mechanism of trans- 
fer of training probably operates here.. Some abilities may transfer to the 
learning of a greater variety of specific tasks than o'thers. hi our- culture, ■ 
verbal abilities are more important in. a greater variety of tasks than are 
some other types of abilities. The individual wiio' has a great many highly 
developed basic abilities can become proficient at a great variety oi' specific 

• tasks. ^ 

Elsewhere (Fleishman. 1964; Gagne &" Fleishman, 1 959) we have clab- 
. orated our ai\alysis of the development 6j' basic ' abilities. This included, a 
discussion oF tiieir piiysiological bases, the role- of learning, environmental 
and "cultural factors! and evidence on the rate of ability development" during 
.^~TTi(riife~^pim^^W^h this much conceptualization in mind, we can say that in • 

• much of bv previous-work one objective .has been to describe certain skills , 
in -terms- of these more generxjl ability requirements.. 

. -Perhaps a not too extreme statement is that inosl of the categorization 
- of jiuman skills, which is cmpivic-aily based, comes from correlational -aiid 
\. 'factor-analysis studies. Many of these studies in the . Iiterature/.are ill-de-. 
signed^"or not designed' at all. This does not rule out tlie fact that properly 
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designed, systematic, prograinmalic. correlutipnal research can yield highly 
uscfiii data about general skill dimensions. We. can think of such categories 
as representing empirically dorivecl patternif of respofjse coisisfeJicies to 
task requirements varied in systematic vvays. in a sense this approach 'de- 
scribed tasks, in terms the common abilities required to pcrfbrni thcni. 
As an example, let us . lake the, term ''tracking," a frequent p^.yciiomotor 
behavioral category c'lnployed by laboratory and systenis j)sycholbgisls 
alike. But we can all think of a wide variety of different tasks in which 
..some kinds of tracking are involved. Can vvc assume that the behavioral 
category^ of trackiiig is useful in helping us generalize results from one such 
situation to anothcrV Is there a general tracking abih'ly? Are individuals 
who are good at i;onipehsatory triJcking also the ones who are good at 
pursuit tracking? "Do people who are good at positional tracking do well 
.with "velocity or acceleration controls? What happens to . the correlations 
between performances as a fimctioi^of such variations? it is to these kinds 
of questions that our program was directed: 

■ " ' ' . / . 

Part /. kleiuijka'rion of Fsyclionioior Ability . 

• In subsequent years we have conducted a whole series of interlocking^ 
experimental, fact or-amily tic studiel^ attempting to isolate and identity ll.i^ 
-comuion variance in a wide range of psychomotor performances, Hssentkilly 
this is laboratory research in which tasks are spcciUcally designed or se- 
lected to test certain hypotheses, about the organization of abilities in a 
certain range of tasks (see. e.g.,- Fleishman. 1 954). -Subsequent studies lend - 
to mttodiice task, variations aimed at sharpening or limiting our. ability- 
factor definitions. The purpose is to define the fewest independlMit ability . 
categories wiiich , miglit be 'mo.st usefijl and meatiingful in'describing per- 
forn.iance in the widest variety of ia.sks. ... \ ■ . 

Our studies generally star^ with soine gross area of hitman per forma hcc. 
Thus, we have conducted studies of fine manipulative' performances (Fleish- 
man & lillison. 1962; Fleishman & Hempel, 1954a), gross physical pro- 
ficiency (Flcishujan, 19.63. 1964; Hempel & Fleishman, .1955), positioning 
nibvenienls and static reaction" (Fleisliman, i95Sa), and movement reac- 
tions (Fleishman. 1958b; Fleishman & Mempel. 1956). 

Thus far. we have investigated more than 200 different tasks admin- 
istered to thou.sands of subjects in a series of interlocking studies-. Front the 
patterns of correlations obtained, we have -been able to account for per- 
formiuice on this wide range of tasks of a relatively small number of 
abilities. In" subsequent studies^ our definitiotjs of these abilities and their 
distinctions from one another lire becoining more clearly- delineated, Fin- 
ihejunorc^ it is now po.ssible^^McrsjDec'ify . the tasks which should provide tlie 
best nieasiTre of each'^of 'the abilitic"ridetUified. . 

■ ■Tlipre .are a^biit 1 !• psychotnotor abiliti^T^ancT^Hi^bililies-. in the arca.^ot^ 
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physical proficiency which consistently appear to account for ilie common 
Variance in psychomotor tasks. Before uirning to the physical proficiency 
area let me list some of these psychomotor abilities and describe some of 
tlie tasks which best measure eacli. ability. ^ 

1. Control precision. The ability is common to tasks which require fine, 
highly controlled, but not over-controlled, nui,>cular adjustments, primarily 
• where larger muscle groups are involved (Fleishman, i^)58b: Fleishman & 
Hempel, 1^)56: Parker & Fleishman, 1960). This abiiiiy extends to arm- 
hand as well as to leg movements. It is most critical where such adjust- 
ments must be rapid, but precise. Tasks which best measure this ability 
include the Rotary pursuit and Controls Adjustment tasks (Figures 1 and 
' 21 

1.. Multilimb coordination. This is tne ability^ to coordinate the move- 
ments of a number of limbs sinuiltaneously, and is best measured by de- 
vices involving multiple controls (Fleishman, 1958b: Flei,shman & Hempel, 
|95(r. Parker & Fleishman, 1^>60). The ability has been found ^^neral to 
tasks requiring coordination of the two feet (e.g.. Figure 3, the Rudder 
Control Test), two hands (e.g,, the Two Hand Pur.suit and Two Hand 
Coordination Tests, Figures 4 and 5, respectively) and hand and feet (e.g., 
the Plane Control and Complex Coordination Tests, Figures 6 and 7, re- 
spectively). 

3. Response orientation. This ability has been found general to visual 
discrimination reaction psychomotor tasks, involving rapid directional dis- 
crimination and orientation of movement patterns (Fleishman. 1957a, 
1957b, 1958b: Fleishman & Hempel. 1V^56; Parker & Fleishman, I960). It 
appears to involve the ability to select the correct movement in relation to 
the correct stimulus, especially under highly speeded conditions. Figure 8 
illustrates the Discrimination task and Figure 9 sjiows the Multidimensional 
Pursuit task found lo measure this ability. 

4. Reaction time. This represents simply the speed with which the indi- 
vidual is able to respond to a stimulus when jt appears (Fleishman, 1954. 
1958b: Fleishman & Hempd. 1955: Parker & Fleishman, I960). There are 
consistent indications that individual differences in this ability are inde- " 
pendent of whether the stimulus is auditory or visual and are also inde- 
pendent of the type of response which is required. However, once the 
stimulus situation or the respon.se situation is complicated by involving 
alternate choices, reaction time is not4he primary ability that is measured. 
Figure 10 illustiates the basic reaction time device. 

5. Speed of arm movement. This represents simply the speed with 
which an individual can make a gross, discreet arm movement where ac- 
curacy is not the requirement (Fleishman. 1958b: Fleishman & Hempel, 
1954, 1955: Parker & Fleishman, I960). There is ample evidence that this 
ability is independent of the reaction-lime ability. Tasks such as Two Plate 
Tapping (Figure I 1) where the plates are separates! at least 12 inches, best 
measures this ability, 
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Figure d. Rotary Pursuit Figure 2. Controls Adjustment 
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Figure 6. Complex Coordination Fcguu^ 7. Plane Control 




Figure 8. Discrimination Reaction Time Figure 9. Multi-Dimensional Pursuit 




Pigure 10. Reaction Time 



Figure 11. Two-Plate Tapping 
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(). Rate control. This ability involves the making of conlinuous antici- 
patory motor adjustments relative to cluinges m speed and direction of a 
continuously moving target or object (Fleis'.iman, i^)58b; Fleishman tcc 
Hempel; P^55, P)5()). This ability is general to tasks involving compen- 
satory as well as following pursuit, and extends to tasks involving responses 
to changes in rate. Our research has shown thut adequate measurement of 
thiti ability required an actual response in relation to the changing direction 
and speed of the stimuhis object, and not simply a judgment of the rate of 
sliiiuihis movement alone. Figures 12, 13 and 14 respectively illustrule the 
Single Dimension Pursuit, Rate Control and Motor Judgement tasks, which 
measure this aLility. 

7; Ma final dexterity. This ability involves skillful, well directed arm -hand 
movejnetits in manipulating fairly large objects under ,speeded conditions 
(Fleislnnan. 1 9.53b. 1^54; Fleishman & Hempel, 1954b; Fleishman & Hlli- 
■son. \')h2\ Parker & Fleishman, I9(>0; Hempel & Fleishmaii, 1955). The 
' best generally available nieasures include the Minnesota Rate of Manipuhi- 
tion Tests (Figure 15), but there are newer e.xperimentiil tasks which pro- 
vide better measures. 

H, ringer dexterity. This is ^he abilUy to make still-controlled manipula- 
tions of tiny objects involving, prinianly, the fingers (Fleishman, 1 953b, 
1954; Fleishman & Hempel, I954j; Parker & Fleishman, 19()0; Hempel & 
Fleishmun. 1955; Fleishman & Ellison, 1962), Tests like the Purdue Peg- 
board and O'Connor Fijiger Dexterity (see Figures H> and 17) provide ^ood 
measures. 

Arm-hand ^tteadiness. This is the ability to make precise arm-hana 
positioning movements where strength and speed are minimized; the critical 
feature, as the name implies, is the steadmcits with which such movements 
can be made (Fleishman, 1953b, 1954, 195Hu, 1958b; Fleishman & Hem- 
pel, 1955; Henjpel & Fleishman, 1955; Parker & Fleishman. I960). The 
ability extends to tasks r'^quiring steady movements or holding steady limb 
positions (see Figures IS, 19, 20). 

I. 0. Wrist-Finger Speed. This ability is of limited generality and is best 
measured by printed tests requiring rapid tapping of the pencil in relatively 
large areas. (Fleishman, 1954a; Fleishman & Hempel, 1954a; Fleishman & 
Fllison, I9()2). Pendular and/or rotary wrist movements may be involved, 

/ Figure 21 shows typical page i;ections of tests used to measure this ability, 
\\. Aiming. This ability appears to be measured by primed tests re- 
quiring the rapid placing of dots in very small circles, under, highly speeded 
conditions (Fleishman, 1 953, I954u; Hempel & Flei.shman, 1955; Fleish- 
man Fllison, 1962). See Figure 22. 

Of course, tliere are detailed descriptions ot the operations involved in 
eacl) ability category; some of them are n;ore general in scope than others. 
But it is important to know, for example, that it is not useful to talk 
about strength js a single dimension; rather, in terms of what psychomotor 
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Figure 12. Single Dimensional Pursuit Figure 13. Rate Control 




Figure 14. Motor Judgment Figure 15. Minnesota Rate of Ma 'ipulation 




Figure 16. Purdue Pegboard 



Figure 17. O'Conner Finger Dexterity 



BEST COPY AVAILABLE 



'Yhe Structure and Measurement of Psychomotor Abilities 65 
REPREiiENTATIVE TESTS OF DIFFERENT PSYCHOMOTOR ABILITIES 





Figure 18. Precision-Steadiness Figure 19. Steadlness-Alming 




Figure 20. Track Tracing 
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Figure 21 A. Medium Tapping Figure 2'B. Large Tapping 
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Figure 22 A. Aiming 



tasks the same people can do well, it is nr»re useful to talk iii terms of at 
least four general strength categories which may be dilTerenlially involved 
in a variety of physical tasks. 

Perhaps it might be useful to provide sonic examples ol" how one exam« 
ines the generality of an ubility category and how one defines its limits. 
The definition of the Rate Control ahilily may providn an example. In 
early studies it was found ihul this ubility was coi.jiion to tracking tc^ls 
requir.ng one to follow a moving target (following pursuit tasks) as well as 
to tasks re(juiriiig one to keep a target points centered (compensa!ory 
pursuit tasks). To test the generality of this ubility, tasks were developed to 
emphasi/.e rate control ability, which were not conventional tracking tasks 
(e.g., controlling a ball rolling through a scti^s vdf alleyways). The ability 
was found to extend to such tasks, later studies altenipied to discover if 
emphasis on this ability is in judging the rate of the stimulus as distin- 
guished from ability to respond at the appropriate rale. A tasK was de- 
veloped involving only button pressing in response t(» judgements of moving 
stimuh, (See Figure 2.>). Performance on iWis task dl ' not correlate with 
other rate control tasks. Finally, several motioti .^cUhe tasks were adapted 
in ,/hich the individual was required to extrapolate the course of a plane 
• moving across a .scr^^en. The only response required was on an IBM answer 

ERIC 




1 he Strui ture and Measurement of Fsyi homotor Abilities 67 

shoot': Thoso tasks did not rolato lo tlio core of tasks previously found to 
inoasiiro ''rate control/* Tiuis. our definition of this ability was expanded 
k) iiKhidc measures beyond conventional -pursuit'* tasks, hut restricted to 
tasks requiring timing of a muscular adjustment lo the stimulus change. 

A similar history can be skelclied for each ability variable idcntiacd. 
Thus, we know that an individual must have a feedback indicator ol how 
well he is coordin;rtiiig before the Multilinib Coordination ability is mea- 
sured: we know tlun by complicating a simple reaction-fime apparatus, by 
providing additional choiee reactiXMis, we measure not operation time but a 
separate ability (Response Orientation); however, varying the stimulus 
modality in a simple reaction-lime device results in the measurement of the 
■ same ability of reactipn lime and does not resuh in measurement of a 
separate ability. 

Some later studies using experiinental-correhitional approaches provided 
encouraging results which indicate that it is possible to build up a body of 
principles through systematic studies of ability-task interaction in the labo- 
ratory (Fleishman, r^'^o). The approach is to develop tasks which can be 
varied along specified physical dimensions; to admmis'.er these tasks, sys- 
tematically varied along these dimensions, to groups of subjects who also 
receive a serres of -reierence** tasks, known to sample certain more gen- 
eralized abilities (e.g.. "Spatial Orientation.^^ "Control Precisiou.^^ certain 
"Cognitive Abilities**). Correlations between these^ reference tasks and 
scores on variations of the criterion task specify the ability requirements 
(atid changes in these requirements) as a function to task variations. Thus 
.far we havo studied tasks varied along the following dimensions, (a) degree 
ot' rotation o{ display panels relative to rev.ponse panels. (\^) Vhe pt^rdict- 
•.nility or non-predictability of target course or response requirement^, (c) 
the extent to which the task allows the individual to assess the degree of 
coordination of multiplcllnib responses, (d) the degree of stimulus-response 
Ci)mpatibility in display-control relationships, (e) whether there is a 
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Figure 23. Visual Coincidence 
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constant "set" or changing **set/* from one stimulus presentation to the 
next, (f) whether or not certain kinds of additional response requirements' 
are imposed in a visual discrimination reaction task, (g) whether or not 
certain kinds of feedback are provided. Hopefully, once such principles are 
established, it should be possible to look at new tasks, operational or 
otherwise, and specify the ability requirements. 

/ 

Part II. Research on Physical Fitness Dimensions and Measnremeu: 

We turn now to a more intensive look at our research on a sp^^jial class 
of motor performance, that of physical protlcrency. We will describe this 
area of our motor ability work in more detail because physical fitness 
programs arc already an integral part of school curricula. 

Literature integration. As the first phase in this line of work, we con- 
ducted a comprehensive review of the literature on previous and currently 
used physical i'itness tests. The literature in this area is replete with terms 
like "velocity,'* "speed," "explosive and static strength," **muscular en- 
durance," "stamina," etc. Are tiiese^useful categories? Which categories of 
performance represent essentially different abilities and tests to measure 
them. The primary objective of this review was to examine the correlations 
found among such tests and to describe the factors thev are presumed to 
measure. Special emphasis was placed on reviewing previous factor analysis 
studies of physical fitness tests in order compile a comprehensive catalog 
of tests according to the abilities they seemed to measure (Fleishman, 
1^^64a). It was possible to integrate these abilities into a meaningful schema 
and the main conclusion was that commonly used test batteries do not 
cover the raiige of possible fitness ability and many of the tests which are, 
used overh?p with one another in the ability measured. Fourteen possible 
abilities were described and questions were raised about other possible abili- 
ties. 

The Experimental Studies. Considerable pre-testing of more than 100 
tests was carried out with the objective o^ providing better measures of 
the abilities hypothesized from the literature review and other sources. The 
more reliab!*" tests from these pre-tests were included with more familiar 
tests in two large scale studies with United States Navy recruits. The design 
of these studies allowed for the confirmation or redefinition of the hypo- 
thesized abilities as well as for the isolation of new abilities. Testing teams, 
under the supervision of tlie Yale University project, were established at 
the Great Lakes Naval Training Center, Illinois and at the San Diego Naval 
Training Center, Cahfornia. At Great Lake;:, 30 tests designed to measure 
different abilities in tlie areas of strength and endurance were administered; 
at San Diego, 30 tests in the areas of flexibility, balance, speed, and coor- 
dination were administered. At each Center :!ll the tests were administered 
to more than 200 Navy recruits. Correlations among all these tests and 
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background variables were obtained and subjected to factor analysis studies. 
Where previous factor analytic studies had focused, on relatively small test 
batteries, here it was possible. to combine alternative measures of practically 
all previously identified abilities within tliese two large scale studies. Both 
of these studic's provided better dellnitions of the abilities' that need to be 
assessed for a more comprehensive evaluation of physical proficiency and" 
provided recommendations for tests more diagnostic of these different abili*. 

. ties. Ill all, it was possible to explain the correlations among tiiese 60 
different /tests in terms of 1 1 primary abilities, A few of these abilities were 
quite specific (e.g., those confined to balancing weights) and were not 
considered further, bill the more general ones were rei^iincd Ibr fiii'tiier 
study, ' . / ' : . 

• • To illustrate the research strategy let us examine. more clo.sely the.design 
of the study fb identify ability factors in the area of strength. Figure 24 
lists the experimental and existing tests utilized in ilie study. Tests were 
chcsen so that son^e emphasized Hexor and other extensor muscles; some 
eniphasi/.ed teg and others arm or trunk strength, some emphasized short 
and long runs. Otlfers emphasized. continuous, repeated, or minimal strain, 
some were' limed or iintimed. The design made ii possible to examine the 
correlations among tests given to the same subjects to answer questions 
suciv lis the following: Do we get two abilhie.s .separating flexor or extensor 
nuiscles? Is there a generaf strength ability commo.n to all these tasks'? Does 
prolonged strain on muscles (pull-up, push-ups) introduce a new ability 
(e.g.; endjLirance), compared with tasks using the same muscles in a shorter 
but .,j>pe'eded period. (Do as many ■ push-ups as possible- in 20 seconds)? Arc 
there abilities common to nuiscle groups (arms vs legs) as distinguished 
from abilities dependent on tlie pattern of activity? VVhat is the role of 
strength in running" tasks? Figure 25 shows the po.ssible ability factors that 
coiild have been obtained when we exainined the acttlai relations among 

i;,|Derfo nuances. * ' _ ^ , ■ ^ 

A similar design vva,s followed in the areas of speed.' Hexibility, coordina.- 
tion and balance. The intercorrelations may be seen elsewhere (Fleishman, 
1^)64); For. the present we will merely summarize the abilities that emerged ■ 
froin these- studies and the tests which had the higiiesl fyctor Joacling (cor- ■ 
relations with that ability). By examining the tests- which grouped together 
on the. same ability it "^was possible to define the abilities! The abilities 
identified and the test found. to best mea.sui-e each ability are as follows: '■■ 

. \ . lilxieiu: hlc^xjbility: Abilhy to . Ilex or stretch the trunk and ^ hack 
nuiscles as' far as possible m either a forward, lateral, or backward direc- 

Tion, 

Hxtent I'lexihiliiy Test) (Originally called Twist and Touch). The sub- 
ject stands, with his left side . toward the. wall, and arm's length 
V away from the wall. AVith. feel together and in place, he twi,st,s 
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back arounU as tar as he can. loudiing I lie wall willi his right hand 
at shoulder height. 

2. Dynamic Flcxihiliiy. The ability to make repeated, rapid. Hexing 
nioveinents in which the resiliency v>(" the muscles ii\ recovery from strain 
or distortion is critical. 

Dynamic hlcxihiliiy Tcsi: iOriginally called Bend. Iwist and roiich). 
With his back lo the ,wall and hands together, the subject bends 
forward, touches an "X" between his feet, straightens. Iwisls lo 
the left and loucht's an "X" behind him on the wall. He repeats 
the cycle, alternately twisting to the right and lo the left, doing as 
many as possible in the time limit, 

t'xpUysive .ifirengtli. The ability to expend a luaximum of energy in 
one or a series of explosive acts. This factor is distiiiguishcd from other 
strength laclors in requiring inohili/ation o\' energy for a burst of eftbrl. 
rather tlian coniimious strain, stress, or repeated exertion of muscles. TI;e 
two tests chosen to represent tliis factor emphasi/.c dilTcrent specific ac- 
tivities. • 

a. Shu I lie Run Test: Iwenly yard distance, covered 5 tinies. tor 100 
yard total. 

b. St>Ui'Ul{ Throw /V.s/; Ihe subject throws a 12 inch softball. as f ir 
.IS possible without moving his feet, 

A, Static Strength. The maximum force which a subject can exert, lor a 
brict perina. where the tbrcc i.^ exerted continuously up to this maximum. 
In contrast to other strength factors, this is the t'orce which can be exerted 
. against external objects (e.g.. lifting heavy weiglits. pulling against a dyna- 
mometer), rather thati iti supportitig or propelling the body's own weight. 

//tjffj (rrip Test: Ihe subject s(iuee/es a Narragansett Company grip 
dynamometer, as hard as possible. 

5. Dynamic Strength. The ability to exert muscular iorcc rcpeatediy or 
continuously i)ver time. It represents mir vi.ilar-endurance atid emphasizes 
the resistatice of the muscles to fatig*. mc common cmpha.sis of tests 
measuring this factor is on the power ot the muscles to propel, support, or 
move 'lie body repeatedly or to support it for prolonged periods. 

Tuli lJps Tesi: I lie subject hangs from bar with palms facing his body, 
and docs as many pull-ups as possible. 

. t^. Irunk Strength. This is a second, more limited, dynamic strength 
J factor specific to the trunk muscles particularly the abdotiiinal \iiuscle. 

lA'g ill's Test: While flat on his back, the subject raises his legs to a 
vertical pv)si(ion and lowers them to the tloor as many times as 
V possible m the tjme hmit. 

7. Gross lindy Coordinaiion. Ability to coordinate the .simultaneous ac- 
tiv)ns ot differei\l parts ot the body while making gro-.s body movements. 
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Cable Jump Test: I" he subject holds, in front of hini. a short rope held 
in each hand. He attempts to juimp through this rope without 
tripping, falling, or releasing the rope. 

8. Gnm Body Equilibrium. The ability of an individual to maintain his 
equilibrium, despite. forces pulling him off balance, where he has to depend 
mainly on non-visual (e.g., vestibular and kinesthetic) cues. 

Halance A Test: Using his preferred foot, and keeping his hands on his 
hips, the subject balaP.ces fcr as long as possible op a Va inch wide 



Stamina, The capacity to continue maximum efforts, requiring pro- 
longed exertion over time. This tactor has the alternate name of **cardio- 
vascular endurance/' ' 

()IH) Yard Run-Walk Test: The student attempts lo cover a 600 yard 
distance in as short a time as possible. 

The Natitmal Study. The next step in this progiam was tr establish 
stafidards lor evaluating the performance of individual boys and girls on the 
separate tests. Tests found to be most reliable and diagnostic of the dif- 
ferent ability factors were assembled into "batteries" and administered to 
high school students throughout the country. 

In all. 14 tests found to cover ^) basic abilities were administered to 
more than 20.000 boys and girls, between the ages of 12 and !<S. in 45 
cities throughout the United States. (The list of cities and description of 
the cross-sections achieved is presented elsewhere) (Fleishman. p)(i4a). This 
phase- produced the norms (percentile tables) for these tests, as well as 
developmental curves showing changes with age on the different physical 
fitness components for the 14 tesis. Finally. 10 tests were recommended as 
the inost eftlcient and rehable for measuring Uie ^) basic abilities. These 
tests have been called the Basic Fitness Tests and are illustrated in Appen- 
dix A. 

Norms and developmental curves for these tests muy be tound elscy^here 
(Fleishman. I964a. I^?64b). Additionally, a record keeping system, called 
the Performance Record (Fleishman. \^)64c) was developed^ to provide fit- 
ness profiles, conversions of raw scores lo percent, cs. a ''fitness index/' 
and the plotting of progress as a function of conditioning programs. 

Summary of findings and ifupiications. The fruits of this research pro- 
gram are of several! soris. First, we have a better understandiniJ ot the 
structure of the physical fitness area the dimensions which best c^escribe 
the variety of performance calkd for by the plethora of available physical 
fitness tests. Ii is seen that a relatively small number ol" such dimensions 
(or abiliti-^i^) acn)uni for these diverse performances, li. this sen.se tlie pro- 
gram was s^ ieniilically useful in bringing additional order to this field and 
in simplifying' our desc'ipMons of v/hat needs to ^*'e measured in tlii.> area. 
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1. These results confirm lliiit ''pliysical prollciency" is not a single gen- 
eral ability; rather physical proficiency t^an best be described in lerins of a 
number of broad, relatively independent abilities. The same individuals may 
be iiigii on some abilities and low on others. In these icrms, the more 
abilities an individual scores high on, the more "physically tit" he can be 
saic^1R^i)t^-J^leresulls also allow more precise definition of each ability 
than was possiblebeTonrr — 

2. A second category or result?TiTctnTbs--4li£_UK^^ facts dis- 
covered :ibout the nature of physical prollciencies and their iiUerrelatUHi- 
ships. For example, we now better understand the role of muscular en- 
durance in strength tesis, the relations between capacities of tlexor and 
extensor muscles, and llie primary abilities that account for running speed. 
Also confirmed is the distinction between two primary Hexibility jbililies 
and the generality of static strength across different n\uscle groups. 

The "developmental curves'' derived f'*om the research are ;^dditional 
results in this second category, These curves show the rate of "growth" of 
the different physical proficiencies from age to age (Fleishman, 1064a), It 
was found that the curves for girls differed in form from riiosc for boys in 
showing more marked developmental stages. For the boys the shapes of 
most curves were similar, but there were different critical ages at which the 
curves leveled out, depending on the ability measured. 

Especially illuminating were the detailed analyses of strength tasks. Any 
characterization of individual strength which ignores one or more of the 
four strength abilities iden titled is incomplete, 

^ Since several abilities were found to extend across different muscle 
groups (e.g., limbs and trunk), this points up the importance of '^central" 
factors in physical tltness in addition to those retlected in the specific 
muscle apparalus. Such central factors include central nervous systetn in- 
volven\ent, responses to kinesthetic feedback mechanisms, heart and circu- 
latory system development, general energy level, etc. 

.V A third category of results of this research relates to speeitlc tltness 
measurement principles discovered. We now know that variations in test 
procedure produce given variations in the tltness factors measures and in 
the reliability of the measure. For example, (a) speeded administration 
(times) of a Dynamic Strength lest reduces its "purity" and brings in a 
second abiliiy factor (Explosive strength); (b) longer Shuttle Run tests are 
niore reliable than shorter ones in use; (c) simple dytiamometer tests are 
preterred (over weiglit lifting tests) as nieasures of Static Strength; (d) a 
Gross Body Equilibrium ability factor is best measured by one-toot, rail 
standing tests with u.c eyes close J: (^) a Leg Lifts test is more valid and 
reliable than Sit-ups for measuring Trunk Strength. 

4, A fourth major kind of out :ome was the speci'lcation of the most 
ctTicieni. practical, and reliable tests tor measuring each ability a.nd their 
assembly into a battery of Basic Fitness Tests, This battery. Which will 



74 THE PS YCUOMOrdR DOM a /V 



imJoubtedly be further improved by additional research, is based un our 
present state of research knowledge. A major phase of this work was the 
development of normative standards for the tests on a nuicli larger 'national 
sample than has been possible heretofore. Simplified interpretative tables 
were provided for ages 12 through 18. Improved methods of evaluating and 
interpreting individual performances were developed, using modern mea- 
/ surement principles. Those included forms of profile analysis, computation 
of a/simplified Fitness Index, and evaluation of the rate of progress. 

5. There are, of course, still many unanswered questions. So'ne of tlij 
most intriguing questions concern the na-ti^e of 'Coordination'' and *'agil- 
ity.*" A concerted effort needs to be made to see if these are usefully 
considered '"separate" abilities or if we can accoiint for such performances 
in terms oi the abilities already identitled. Additional studies would involve 
a greater variety of '^coordinated" performances than it has been possible 
to incluv^e so far. The use of our buttery of tests, in the same study with 
these Loinplex tests, should allow us to specify how much of liie variance 
in such performances we still need to explain. At present, a Multiiiinb 
Coordination ability appears div^iincl from any Grc s Body Coordination. 
/ The former is involved \u perceptual-mulor tasks involving simultaneous use 

of multiple controis (feet -hand, two-hand, two-feet), where the subject is 
typically s-jated. The latter appears to require movement of the entire 
body. . " 

There is a need to use these tests to predict more complex skilled 
performances. This would tell us w^at portion of such performances are 
specific to the individual skills and how much i> relatable to the physical 
fitness factors identified in our present program. There is also the practical 
question of how vlid our tests are in predicting performance in complex 
joibs involving physical skills, \ 

6- We also need to know more 'about the train-ability of these com- 
ponent abilities and the degree of 'transfer of training across tasks r<>pre- 
senting the same abilities. We would expect high transfer between tasks on 
the same ability and low transfer between ability. A more interesting ques- 
tion is the amount of transfer of training from these ability components to 
more complex skilled performances. 

Part III, Studies of Skill Learning 

Ejjcets oj Practice. For a immber ot years, we have jeen- interested in 
I lie relations between reference ability measures, developed around our per- 
ceptual-motor taxonomy, and a variety of learning phenomena, ( Fleishman 
& llempeL ^)54b; Fleishman & Hcmpel, 1^)55: Fleishman. U)57a: Fleish- 
man, P)6()a: Fleishman &. Rich, 1^)6,^). Our results have allowed us to show 
the differential rol ; of tiiese abilities at different stages of learni,ng mo? ^ 



ERIC 



The StriK iurc and .Measurement of Pjiychoniot(.>r Abilities 75 

C()iuplex tasks. These , Indies have as an additional goal the specification of 
abililies predicnve *" ;.dv";H)ced levels oJ" learning. 

One -jI" our carl\' studies was confined to the analyses rt" interirial cor>'^ 
;elutions of two similar tasks practiced in different oideis (Flv^ishnun. 
l*-)5.>a); but subsequent studies liavc:. always incUvded "reference measures." 
external to the practice task, lu a typical study. 200-300 suhjecls received 
a buttery oi reference tests kru)wn to sample 'mtain abilities and then 
received practice on a criterion practice task. Through the use of factor 
analysis techniques of the cocrelation pyiUerns obtained, we could eximiine 
the loading of successive trial scores on the criterioti tusk on the abilities . 
defined by ihe reference tasks. 

In general, these studies, with a great vj^ieiy of practice tasks, sliow 
thai, !a) as {Practice ct>ntinues., changes occur in the particular cOnibinations 
of abilities contributing to pcrf;)rmance. (b) these changes are progressive 
ai^d systematic and eventually become stabilized, (c) the contrlbutiim of 
*'noniuotof" abilities (e.g.. verbal, spatial), which may pla\' a role early in 
learmng. decreases systematically with practice, relative to "motor abili- 
ties/' and id) there is also an increase in a factor specific to the task itself. 

Figure illustrates a tyj. icat result obtained using a visual-discrin'.ina- 
tion reaction task. See alsv) Figure 27 whicii shows that ccrlaiii abilities 
discrtJuinate individuals ..high amJ low iri proficiency early in' lean.ing a 
c»|mplex task, but ni>t later in learning, while other abilities discrimltiate 
inainK at advanced levels of learning. 

.'[he repeated :{itjiSiags of an increase in specificity oi the (asks learned 
indicates tlut performance in perceptual-motor tasks becomes increasingly a 
function ol habits and skills actpiired in the task itselt. But pre>task abili- 
ties pldv a rol<\ too,'jnd their ititeraclions with lear/ntig phenomena are 
importa^U sources of variance \o be studied, l-'urlhennore: it appears desir- 
able to better define the \ariance nov/ termed specific to in.dividual tasks. I 
am opliinislic \hj\ some of tliis variance is not really "specitic**: ratlier. we 
nuiy need to be more ingenious at teasing it out. 

Much of ou: later work has been concerned with tlie pursuit of (his 
variance now detii^cd as specific to late stages ot' learning tasks. Hypotheses 
we have explored arc that, (a) late stage measures ol" ditYerent tasks have 
abilities in vtMinnon not foiind in ea.rly stages of the same, tasks (Fleishman. 
|05 7a), Jh) ihe ability to integrate component abilities represents a sepa- 
rate individual dilference variable not l\uind iji earl>' stage learning, (c) 
kifjesfli-»tic ability • (actors plav an iticreastng role in ps\ chomotor learning 
relative to spatial-visual abilities. Confinivalion hypntbc^i-, (c) was found 
in a recent study (Fleishman Rich. l^^0.>). this study, we tirst had to 
develop a ineaMire ol *'kin«..N(lietic sensitivity" on wliich subjecfs 
leh.ibly. Pertoimance on this measure was a -good indicator ot' late learning 
in a two-hand coordination task, but no» ol" early learning. 
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50% 




Figure 2S. Percentage of variance represpnted by loadings on each ability 
factor at different stages of practice on the Discrimination Reac- 
tion Time task (percentage of variance is represented by the size of 
the shaded areas for each factor). (From Fleishman and Hempel 
1955) 
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Figure 27. Comparison of learning curves on a Disc7imination Reaction Time 
Task for groups stratified on different test variables. (Frorri Fleish- 
man ancf Hempel, 1955) 
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I'sc of the paradigtii in iraining scfrini^s. Lalely our (iiidiiigs and nuMli* 
ods huvo. been extended \o nu>ie eoiuplex lasks sludied ovei lengthy peri- 
i>ds (it- time. In one study (Parker tfc Fleishman. I^>(iO). we developed a 
sinuilalion of an air intereejH nnssion on whieli suhjeel^ li'arned a highly 
Lon\plc\ Uuckiug (ask over a seven week period. The same 10} siil",ee!s 
ieeeive(' one oC (he most extensive haltcries ot" jDereejUiial-niolor and cog- 
nitive lesls jver assembled. The design allowed lor the ideiu ification of 15 
ability taclors and the speeifiealion of their conlribntion to tracking per- 
lorinaiice at dilt'erent stages of learning over this ItMigtliy learning jieriod. 

In a later st\idy (l\nke: Fleislmian, we attenijued to make sure 

. ol" our analytle'al mroiiiiat'on about ability reL|iiiremeiUs of this task, in 
designing a skill training ■,)'ograni. In terms e-f our integrated error measure 
ol" perrormance during th<. last tliree training sessions, the exjierimenlal 
grou]i showed a M>' < mcrea in proneieney o /Ji the second best liaiiiing 
ctHidition investigated. 

We lujve also stvulied tiK' ve!'.ilioi\ oi" ability vari:;bles U) learniitg -itt a real 
training enviroinneui (1-leishman anJ I'ruchtei. In this latter I'ase. 

we were able to show the abilities underlying the aCLjuisition of skill, at 
dilleient stages ot" Xtorsc code learning, in an Air ^'oice radio telegraphy 
school. .SjX'cUlcally , early learmng dejieiuled on two aiKli'ory-jierceptiial 
abiliiies. -whereas later learning vvas nmre a t'lmcllon ol" an ability named 
"speed ol closure." I'liis lal'ei represented the ability li) imily or organize 
an apparently disj>aiate licki into nieanmgt'ul units. This study extends our 
litulings on learning and iiuhvidiial dillereiices to perceptual learning. 

hulividual i/iffcrcnccs and rornpoficuf-fofa/ msk rchinonships. A recent 
study ( I'leishnian. M»(.5) investigated the relations between individual dil- 
lereiices in perlomraiiec on t, sk components and subsequent "perl'onnance 
on a total task. Two hundred and lour subjects jiracticed the componeiits 
ot a complex multidi'iicnsional comjiensatory pursiiif task singly and in 
combnuition. I hese coi. .lonents involved discrete displuy-coi\trol relation- 
ships. Ilie total task, which was pracliced last. retpiireLl an integration of 
these coiiij>onen(s: that is. the subjects must operate the multiple controls 
m t)idei to miniiiii/e ernu indications on all displays simultaneously. The 
jiioblenis mvesligated .vere. (a) the extent to which jierformance on task 
cnfiijioiicnts, nulividiiallv jHacliceLl, is predictive of siibscLpuiit total task 
peiloniKince. tb) the extent to which practice,,- on combinaiions of coni- 
l>oiients IS j>redictive oi total task performance", (cl the in'ierrelationsliips 
anient! component perfo. iiiances; anil Id) the relative coutrihution ot" vari- 
ous component perl oriiiaiice> to. total and subtask jierformances. The analy- 
sis pinvide*. sonic tentative priiicijiles ot" part-whole task relationships rele- 
vant li> tlie mulersianding »)t skilled peitormance. 

I'rctJu ncn iff fvfcn/infr 1 would not like to leave the topic ol iiRllvidiial 
Uilleieiices and skill leaining withoiij mentioning out studies on fetenlion 
U'leishiuaii vSl Parker. l'H^.2|. V^eiy tfttlc is kiuwn about individual ddfer- 
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lmiccs in rclcntion. VVc were Mc to give people c* •LMidcd (scvlmi weeks) 
practiec oii a liighiy eoinplex pereeptual-niotor skill aiul ohiaiii iiuleheu 
iiroiips of sul.,eels haek after periodsnf no praetie<^ f<ir one four, nine, 
fourteen, and iwenly-foiir monliis. Vluis. we v:v;jed velenlion intervals, as 
weh as type ol nnlial j^uidaiv^* -lud level i^{ vMiginal leariuiig. "I he main 
points of interest here are that there was virti' illy no loss in skill regardless 
of the len^tli o\ the retention interval, and that the most powerl'nl variable, 
operating was ifjdjviJnal Jitferenees in /he level [)\' original learning. The 
prediction ol retenlion from original k\iriiing was independent t>l the 
lengtji of the relentiofi Interval. Thus, lor all inlcrvais, even up la two 
years, individual dilferenees al the end ot' learning correlated in tin/ ,S()'s 
and with siibseipient performance attr- periods of no jiraelice. Our 

design also allowed iis to say that this predir < was iiol accoiuKcd lor by 
the subject's pre-ijsk abilities, imi raliier was explaiir.ihio m terms ot indi- 
vidniil dilh rences amoii.' snbjects in the speed ic Ir.joits acquired m prac- 
Itcing tiie .)riginal task. 

///t//i7. ///(// PiffircncL's and Otlur Mofor I.carnini; Phvnonh'na 

A vjfiely o otiiei learning [phenomena have been studied in relation to 
n.otor skill.-fsl'e c.g.."1>i)<fdoaii. l*^f>^>), Ihese jficlndc .'ranslei of iraMjiiig. 
"hahii nitertereuce. reminiscence, |K*rformance during massed versus dis- 
fiihuteJ ()raclice. etc. I.it'le slttdy has been made of abihties and other 
individual dittereiices predict performance uiider sucli conditions. A 

reeent ' siud\' has provided encouragement tliat a sidiject's pieviously de- 
vel(tpcd .ilnlilies can help us make such prediclii)ns (l leishnian l.llisiMi. 
P>t/>). Svilijecls were given tnactice on a comt^lex tKMceptual-nn>lor task 
ai^d later the display control relationships on the task were changed. Siih- 
iect\ weie latei shifted back to tlie origuial task. During initial learning 
suhjecis pertormed on massed a. vvell as distributed tiials. The same suli- 
jecls leceived a series o( nioinr. sp:.tial ability and |K*isoiialit\ measures. 

The .md> showed ceriain abilit>' measures predicted which subjects 
V Midd show ilie most traiister or interterence at ihe shili points, but tiiere 
was \\n "geneial suscepJihiliiy to inter leience"* /rai.l idenlilied. Personality 
tests ot ■•'"'"dity llexibiluy." anxiety, etc.. did not predict habit interfer- 
ence eflix. Perforinancj during massed practice was just as predictable 
Jvnin aiiiiii> ineas\ires as perlornance dmmg distributed piactice. A major 
liiuiini. wa^ the sliarp ilarcasc \\\ preciictU)!! by ability (esis t>f the !nal 
tulluwuie tlie massed pivUHce li' c lemmiscence tiial). Ilieie was also an 
ineiease m tl,e predictions by the personalit\ iCNts during this trial. Ilnis 
iiuliMdu.it dilterences in lecoveiy fioni "fatigue like" slates (oct asioned h\ 
massed piactice) would seem 'o depend on dittereiu abilities th.in do other 
leai ning jiheinmieiia. 



so 
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Com hulifii^ Remarks 

Betoic L'losiiig. v;c may mcniion that little systematic vvDfk has be^Mi 
done in school sellings with regard to mt)toi skills deveK)pinenl , predictioii 
and evaluation, l/here are several additional issues here. One is the prohleiii 
ot' using 'ndices of motor abilities as diagnostic areas in predicting subse- 
ijuenl academic acliievenuMil and adjust menls. Some educators feel lliis rs a 
sign,iricanl area, but ;he '^'^'ni'iislral io:. still nr^^ds l< he made. 

■ Another ^.eneral issue ^ hat of devek)p:''" molt>r and other non-cog- 
nitivc abilities and skills by si)ine syst^niaUc ,ducatit)nal program in the 
schools. It i: probably sale to say tliat our educational system, while pro- 
viding ceMain specific skills (e.g.. spell ing). is iiho aimed developing 
certain 'j:eneral abilities capable of transier to a variety of substantive areas 
and skills. ( lilsewliere. 1 have elaborated (he distinction between abilities 
and skills, e.g.. Fleishman. MHi7.) The general abilities which lend to be 
developed are cognitive al")ilities. e.g.. verbal, numerical, conceptual abilities. 
Relatively little is done in tii»? way of systematic, sequenced curricuhim 
development lo develop abiliiies such as spat ial-visuali/at ion. manual dex- 
terity, lu percepuial-speed. Many of these abiliiies are more likely to he 
critical to non-academic fields or to areas of vocational or special ed ica- 
lion. Yet, early in a child's schooling it is impossible lo know if the 
development of such abilities will eventually be rele»- iit to his subsetjuent 
occupational choice. 

()fnrrP"over looked is the relevance of such non-cognitive abilities to 
highly complex academic professit)ns. \-oy example, many potential engi- 
neers are lost, or make slower progress, not tor lack of conceptual or 
mathematical abilities, but because of poor spatial oiientatitjn: many stu- 
dents have difficulties in dental school because ol' poor manual dexterity or 
spatial-visuali/.ation. The point is that there is ample jusiillcation aiid need 
for systematic programs for developing non-cogiiiti»e skills, in their own 
right, withm the trainework of our school syslein. With respect to the area 
of motor skill, this underlines the need lor basic a sessmeiit techmi|Ues to 
assess base-line levels and progress through whatever progiam is developed. 

The same need applies to the problems utilizing mott)r ability assessment 
techniques in predicting subsequent achievements in early svhonl grades. 
There are many hypotheses, but little hard data, on the relevance'ol motor 
diflicnhies to later problems in leariung academic skills. Many techmcj .^ 
used by teachers are to*) suhioctive (lor example, noting how a jiupil holds 
h'.s pencil) and subject to error. It would he d'jficult to have much coii- 
fuience in such assessments. It is really not known it a J 'viani 4th giade 
child can he identified at the kindergarten level through some specific 
motor ability delicit. What is needed is a set of standaidi/ed motor skill 
tests, with sufficient normative data and predictive validity. 

Wh;»» do we know at pre:,eiU ai\d what can we do' We kiUNw Irum a vast 
body i>l ri .earch. much of which ha^ been cited above, that there is no 
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such iniilary thing lis nioior skil!. Ahlioiigh .most of the research lias heeii 
with older children :iiid young aduhs. il is very clear thai there arc several 
dimensions, of nioH)r abilities which" need to be assessed. Measures of eucli 
of these dinieasions (oi' ■ factors) ^.orrelate low with each other and have 
"different predictive iiiiplicalions and lead to different programs of training 
for their developmcut. A conclusion drawn from a measure of manual- 
'dexterity, I'or example, tnay be quite different from one drawn from a lest 
"of multi-limb coordination. 

The specification al' llie motor ability factors identified, provides the 
idea\i/.ed coverage for a comprehensive , IxUtery of motor ability tests. If it 
•is not feasible to cover each factor, they at '.cast provide a basis for solec: 
tit)n. The factors specified also provide tlie basis for materia! development 
to. speciUcally try to improve particular motor abilities. 
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Figure 4. Static Strength: Hard Grip Fiyjre 5. Dynamic Strength: Pull Ups 




Figure 6, Trunk Strength: Leg Lifts Figure 7. Gross Body Coordination; 

Cable Jump 
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/•V« u\ 

I .>rs intcrprot.ilioM ot" Ihoir iiuindaio in <Hloinpt inj: Id conlrihulc 

to :li conk'ivfKO IS lo c'oiKOMlraK' on highly »ipl''l'<-''il i^'i^-^'fonl c-d (hil:i jiui 
in>' •rtiuilfoii rog.irtling t:K'tv)rs inip:u'nMg on psy choinoi' )r port orniancc . I his 
oFKMilat -v.ii rolkMs th" 'Mgh prossmo. Uay-lo-(' proi c-ssional concer:} (»t" 
i!k- ainhi>rs wilh ap . . .oiis througa all or iiios! ot' their prorcssioiial 
careers. As hntnaii tai.ii.. , speeialisis in the niilitary/iiuluslrial eontexl, itlen- 
tityitig and resolving iirol^lenis associated with nian-iii-a-systeni to assure 
that the system will rune! ion properly has heen our way oT htc and is the 
way we tinnk. 

With this hriet orientation as to onr t'ranie ot referenee in selecting and 
presenting the views in I (lis paper, we teel constrained to make three 
points 

I'lrsl, wc tiiu} It all hut impossihle to ineaniiiglully deliiuit psychonu 'or 
pertormance in any but the hroadest sense; lo state he ohvious. we see it 
as alw.ry^s- involving siMTie kind ni motor pertormance. Hut pert Drniaiice 
c mnot oceur e\i.epi hy an individual, with his idiosyncrasies and physical- 
mental state, in the presence ot' some stimulus/environmental situation. 
Thus, we will treat psychomotor pertormance as verv iMoadly de lined. 

A secoiul point regarding prep;4ralion of this papc. is ihe fact that 
. »yclU)inotor pertormance/' even detined in its most limited sense, can 
still Ih' eoiistrued to constitute the subject of a ina)or portion of research 
coi,dii\ted over the past 1(10 years, it is nu* our intention t(» re-review this 
vasi arra> n\ material. Kather. we Ikivc elected to he highly selective, con- 
tcnlrat iiij.; mh data generated relatively recently, some of which may not 
have had wide cirenlation. but which i'» very nn.eh in need of integration 
M. is to ad\l to the general body of useful knowledge on psychomotor 
perlormance. DtcasioualK , si^niticant experimental inel hodologieal lessons 
have been learned, partieularly regarding measurement crileria, time and 
subiCvi motivation. I hese will be pointed out where lhe\' have hci^'n signifi- 
cani Despiie oai .it»eni{Ms af being highly selective, like topsy, tlu paper 
pis( seenu'il it) grow ami grow. 
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A UhjI poiiii. I the generally ;*glohar' approach taker- noeossary lor 
inucli of our roji-world prohloin-solving resoarclr Mt ugically, lliis 

may bo Uic nio>t ^ignl^cant di.stinguishing .aclor iiolwui-Mi lunv ilio truly 
applied and the truK' basic roscafelior thinks and goes abS^-t his busiiies.s. fii 
industry, wo gonorally sacrilioc understanding ol the impact that a precise, 
Npocitic variable has on a pariicalar po/tornianco .olonioni, in the interest of 
doUrnunuig tlie impact of the t(/tality of th-v anticipated" "stiniulus-re- 
spi)nso-onvironnii';it-iiulividual-differoiue** coiite \t on >ysieni effect iveiioss. 

1 hero are exceptions to tliis. of course, whore we may beeonie very 
much cotieerned with the e fleet of a highly cuiiisiribed display para- 
ir.eter (i.e.. spot M/e. color, or movemeni ) or a severely limited oloniem of 
an individual perceptual or response capability (i.e., peripheral visual acu- 
ity), rile latter, however, i^ more the except iiui than the ru^' in i success- 
ful human factors laboratory . 

riie b.fMc researcher, on the tit her hand, >acrifices knowledge about the 
inieraction.s ot the specific slin,ulus aiul'or response to wlrch he is dired- 
ing his altermon, with the nuiUiiUde v>f other simultan*. '.)Visly occvirruig real 
world variables, both simiukis and respon.se. He fJoes on the assump- 
tion, presumably, that the ullimaie end-product will be much more fully 
understood, and he more generah/.a^Me. in the forn'. of fir^l and second 
order "laws.** j'.ie laws, then. wt)uld allow both inductive and deductive 
i;enorali/alion with the confidence that comes with understanding the iii- 
ter^'al workings of a complex proce^s. It i.s obvious that both approaches, 
and various mixtures between tiie extremes of each, are necessary in the 
advancement of man's systematic knowledge as itV the prediction, control, 
and inodiftc.il ion of human psychomotor pertorm^nce. 

file jiaper. alter this .niit)duct ion. is divided into five sectn.'iis. The tirst 
four each tui a different so; (U factors mflucn^ini?. psychomotor behavior. 
I he taciois are f iivironiuenta! Stressors. l ime/Work (tatigue). [oxic and 
Drug ! fleets and Task Loading. I hoso factors are related, in some iristancos 
highly so^ 111 terms of the -.amilanty ot" their unpact on performance. Thus, 
m a filth section an attempt is made to identify common oletnents t)f (he 
ell'ecis ()\ ihc tour sets ot variat^les on performance, eniphas!/ ing imt>lica- 
iKiUs !(>r act{uisitu>n ol' psychomotor skills. 
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Section A. Environmental Stressors 

1 . Definition and Scope 

An environmental stressor may be defmed as any condition of man's 
external environment which in some way affects his physiological safety 
and/or ability to perform sensory or motor functions. In the operation and 
maintenance of aerospace systems, man is called upon to perform a wide 
range of tasks under an array of environmental conditions. The environ- 
ments under consideration will be hmited to the conditions of temperature, 
noise, altitude, and vibration, which are the most common stressors affect- 
ing man's psychomotor performance in the aerospace systems environment. 
The general task categories to be summarized will include vigih'nce, reac- 
tion time, simple motor tasks (switch operation), complex motor tasks 
(tracking), and to some extent, mental processes and concentration. 

Extensive reviews of what has been done in the area of physiological 
and performance effects of the environment (Roth, ed., 1968), point up 
the fact that available scientific data are very sketchy and unsystematic 
with regard to the environments, the levels of the environments, and the 
nature of the tasks investigated.^xperimental studies are relatively few and 
no general behavioral or psycho-physical theory has been developed to 
provide a systematic description of the effects of environment on human 
performance (Teichner and Olson, 1969). 

In this section, we will pull together a few selected examples of data 
and commentary to highlight the complexity, methodology, and implica- 
tions of the existing research. 

2. Stressors and Effects 

The effects of each of the four environmental stressors will be summa- 
rized individually before discussion of the psychomotor effects produced 
by combination of the stressors. 

(a) Temperature "^^ 

When we think of temperature, we often visualize a thermometer. A 
thermometer is used to provide a measure of temperature which will sup- 
port a decision to wear shorts or a sweater when leaving the house, but 
there are times when we are fooled by this relatively imprecise measure. 
The wind may be blowing or the humidityyitay. be high, and we find that 
our subjective feeling of discomfort belies the::5thernionieter- 

"Temperature" must be redefined, at a. minimum, in terms of a com- 
bination of [jeat; humidity, and air velocity. The amount of heat present in 
Q external environment is commonly described by two measures; dry- 
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bulb 01 ambient (air) temperature, and wet-bulb temperature. Combined 
with air velocity, these two measures of temperature are the most com- 
monly reported means of specifying the independent variable: temperature 
stress. 

A number of integrated measures of heat and cold stress have been 
developed to describe comfort and tolerance limits of exposure. The sim- 
plest of these measures is the ^'Oxford" or wet/dry (W/D) Index, which is 
nothing more than a weigliting of wet-bulb (85%) and dry-bulb (15%) 
temperatures. A generally more useful measure is the Effective-Temperature 
(ET) Index. This index integrates the effects of temperature, humidity, and 
air velocity and is based upon subjective reports of heat, comfort, and cold. 
Combinations of temperature, humidity, and air velocity which produce the 
same subjective feeling are given the same ET. Another index which pro- 
vides a descriptive quantity against which cold stress may be evaluated is 
the Windchill Index. Windchill has come into us. as a single-valued index of 
the severity of the combination of air velocity (wind) and temperature 
(Fig.. 5-1 A). However, based upon WW II field measurement on the rate of 
cooling a container of water, the Windchill Index does not account for 
physiological adaptation and should not be used as a rigorous measure. 
There are other indices of temperature stress such as the Heat-Stress Index 
and the Operative Temperature Index, both of which are useful in environ- 
mental control system design. Unfortunately, there is.no one standard in- 
dex in general use that encompasses all the critical variables: thus, appar- 
ently valuable data is still being reported without all of the elements of the 
independent variable defined. 

In the non-C( mpensable zones of thermal regulation, performance and 
tolerance have an inverse exponential relationship with exposure time. As a 
**rule of thumb,'' performance begins to deteriorate for any given condition 
at about 75 percent of the physiological tolerance limit. It is possible, 
. however, to exceed these values for short periods of time through adapta- 
tion and habituation, or through motivation, A contradictory phenomenon 
is observed at temperature levels just below the upper limits; sometimes 
performance is impaired, sometimes there is no change, and sometimes 
significant facilitation is observed. 

Perhaps this confusion may be resolved in part, by analyzing the types 
of tasks performed. Numerous studies investigating the effects of heat stress 
between 80° and 120° F (ET) have found either facilitory or no effects 
upon performance of the type normally associated with simple eye-hand 
coordination and manual dexterity (Duke et al. 1967). Those tasks involv- 
ing simple motor reactions, requiring little mental encoding, decoding, or 
translation, can be expected to benefit from the alerting component of 
stress arousal. Tests where the psychomotor tasks is more complex (i.e,. 
greater involvement of higher mental processes and attention), degradation 
has been observed (Reilly and Parker. I%8). From a number of studies it 
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Figure 51 A. In outdoor cold weather, the wind velocity has a profound, 
sometimes decisive, effect on the hazard to men who are ex- 
posed. The windchill concept dramatizes this well known fact 
by providing a means for quantitative comparison of various 
combinations of temperatures and wind speed. Note for exam- 
ple that -50''F with an air movement of 0.1 mph has the same 
windchill value, and therefore is predicted to produce the same 
sensation on exposed skin, as -IB'^F with a wind of only 1 mph 
or +14''F with a wind of 5 mph. (Windchill Nomogram, Bottom- 
lay and Roth, 1968) 
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might be concluded (hat under conditions of heat stress, simple psycho- 
motor tasks show no ditTcrence or are facilitated, while more complex or 
cognitively oriented tasks are seen to suffer. 

The relationship between psychomotor performance and subjective esti- 
mates of comfort as shown by Dean and McGlothlcji (l%5) provide an- 
other clue to the interaction between the simple and more complex or 
cognitive task effects. They found no effects on performance as a function 
of heat; however, subjective estimates of comfort and performance were 
found to be related and were significantly inlluenced by heat (Figure 
5-2A). Subjectively, performance was judged to drop off sharply, the cog- 
nitive component was affected, even though this was not evidenced in the 
task performance data. 

For multiple complex task performance involving a great deal of higher 
mental processing such as aircraft piloting, we find a striking lack of solid 
research data. One study (Blockly and Lyman. l^>5 1 ). evaluating the effects 
of temperatures higher than those we initially looked at, provides some 
important findings. The task required trained pilots to fly a prescribed 
night pattern in a simulated aircraft cockpit under high ambient le^upera- 
ture conditions until their tolerance limit was reached (ranging from a 
mean ot' 61 minutes at 160° to 21 minutes at 235°). The authors report 
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Figure 5-2A. The Effect of Heat Stress on Subjective Estimates of Perfor- 
mance and Comfort; Measured Performance Was Not Affected 
(Dean and Mcglothlen, 1965) 

O 
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that significant deterioration in pertbrmance simultaneously occurred with 
distress symptoms verbali/ed by the subjects. While ad subjects displayed 
tliis deterioration, the pilots who were more competent at the control 
temperature 80° F had one-lhird the errors of Ihe less competent pilots at 
the 200° F condition. This finding suggests that high skill levels can miti- 
gate the influence of heat and stress. Subjects found themselves concen- 
trating on one instrument at a time, so that by the time one tlight function 
was adjusted to the correct value they would suddenly realize another had 
deviated from the desired reading. The ability to shift attention back and i 
forth between sub-task elements was that which was impaired du/ing the 
higJi temperature exposures. These results are comparable to eftects of 
fatigvie and higli task loading. 

The evidence that heat atTects human performance is not without its 
inconsistencies; however, it is certainly reasonable to conclude that decre- 
ments become more pronounced as task complexity, exposure durations, 
and temperatures are increa.sed. An Important fact to note is that training 
appears to alleviate or reduce the onset of performance decrements to some 
extent: however, training is obviously not a panacea. The effects of pro- 
longed quasi-conipensable and rather short non-compensable heat will de- 
grade the ability of an operator to attend to the elements of a multi- 
component task. The operator will attempt to perform only those task 
components wliicli lie feels are most important, essentially forgetting about 
the remainder. 

The reported etTects of cold temperature environments on psychomotor 
pertbrmance are relatively free from inconsistency. The primary reason for 
this is that tactual sensitivity and manual dexterity are elemental in the 
performance of psychomotor tasks. The direct effects of cooling on the 
temperature of the skin and the viscosity of the Huids in the joints reduces 
manual dexterity and sensitivity of the skin to stimulation in u very orderly 
and progressive manner. 

Tactual sensitivity is markedly affected by lowered skin temperature 
caused by the combined effects of red iced environmental temperatures and 
wind velocity. The ability of an individual to disciiminate the separateaess 
in space of 'wo points or two straiglit edges placed on the finger, appears 
to approach infinity at skin temperatures sliglitly greater than freezing. 
Impairment has been found to begin at skin temperatures as high as 86° F 
for tactual sensitivity and 68° F for kinesthetic lensitivity. This minimum 
impairment becomes more serious around 43° F and marked decrement in 
sensitivity has been found at 30° F. A particularly critical factor in the 
maintenance of pert *r. nance is that the individuals are rarely aware that 
the skin temperature are so low and do not initiate preventative or reme- 
dial measures. 

Reduced tac»ual sensitivity is generally associated with a reduction in 
manual dexterity. Investigations of manual dexterity have ibund progressive 
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decrements as joint surface temperature drops below 43 F. Regardless of 
body temperatures, subjects with cold hands or fingers showed significant 
dexterity performance decrements, while those with warm hands showed 
no such decrement. There is some indication that in tasks where forearm 
muscle involvement is required, the temperature of the forearm can be 
critical in maintaining manual dexterity in the cold. Performance may also 
be somewhat impaired as a result of distraction caused by the discomfort 
of the cold, particularly under conditions where local cooling of the hand 
occurs and something more than light pressure is required to make the 
response. 

It is reasonably safe to conclude that the limiting factor for psycho- 
motor task performance in the cold is the temperature of the extremities. 
If performance is to be maintained or extended at extremely low tempera- 
tures, methods to protect the hands and fingers (or feet) must be provided. 
There are difficulties and penalties associated with this protection. It has 
been found that frequent warming of the hands and body can be a satis- 
factory remedy; but is a remedy which requires additional time away from 
the task and, inerefore, may be neither practical nor economical for many 
tasks and emergencies. 



Noise is usually defined as any undesirable nonsymbolic meaningless, or 
meaningful sound. Undesirubility of sound is based upon its capacity to 
reduce psychomotor performance, produce annoyance, discomforts or in- 
jury. 

The important parameters of sound (or .noise), are frequency and wave- 
form, amplitude, and duration. Waveform is often specified in terms of the 
various frequency components of the sound and may be referred to as 
periodic (a series of integrally related single frequency components) or 
aperiodic (discrete frequency components or a continuum of components 
distributed over a broad band). Amplitude is measured as the Miternating 
sound pressure superimposed on the normal atmospheric pressure in dynes 
per square centimeter or the equivalent, the microbar. Because man can 
hear sounds over an extremely broad range of sound pressures, it is cus- 
tomary to deal logrithmically with the sound pressure level with a relative 
unit calleL a decibel (db). 

The prediction of noise tolerance is difficult because of individual dif- 
ferences, and its dependency on the duration and spectral composition of 
the sound. As would be expected, hearing losses resulting from noise ex- 
posures are greater with the higlier noise (pressure) levels, longer exposure 
durations, and to some extent, with shorter bandwidths within which the 
energy is concentrated. Temporary hearing losses are produced rapidly and 
reach the maximum within about 7 minutes for exposure to pure tones. 



(b) Noise 
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The maxiinutii loss front wide bund noise takes longer and depends upon 
whether or not it is steady-state or intermittent noise. 

The extent of the annoyance or distraction produced by noise will de- 
pend upon its intensity and frequency, the subjective expectancy of its 
onset and feelings of its necessity, and the nature of the listener's activity 
and habituation. It is obvious to everyone that high levels of noi.se will 
disrupt auditory monitoring and communication performance. Noise mixed 
with a signal tends to raise the threshold for hearing the signal. This effect 
is called masking and . the effect is greatest when the signal and noise are of 
similar frequencies. 

Intermittent noise (ends to have greater disruptive effects than (he more 
rapidly habituated steady-state noise. Based upon reported data and some 
postulation, Teichner and Olson (196^^) generated a series of curves (Figure 
5-3A) representing attentional loss and recovery associated with expected 
and unexpected, steady-state and fluctuating noise. They assumed that the 
noise has no effect other than that of disruption. If the effect of noise is 
distracting, it should affect more complex tasks which require either a 
division of attention across several elements or the processing of signals at' 
high rates. Accordingly, the greater the number of displays, or the com- 
plexity of a display, the greater is the likelihood that noise will interi'ere in 
task performance. 

There is little evidence which indicates that noise environments, below 
destructive levels, have significant deleterious effects on non-auditory per- 
formance tasks beyond that of distraction or annoyance (Roth and Cham- 
bers, 1968; Morgan, et al, 1963). However, extremely high levels of noise 
can interfere with the accuracy of precision manual-dexterity tasks through 
noise induced vibration of body parts. 
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In general, we may conclude that noise will have ils greatest etTects on 
complex psychomotor performance tasks; Tasks which produce incomhig 
signals at relatively high rates, or require attending to a number of stimulus 
elements or displays, will be most seriously affected. While it may be 
expected that the disruption of attention can result in focusing on only the 
more critical task elements, even those tasks which are complex oi have a 
high information load will be affected. Tliese conclusions have particular 
importance when viewed in a total task environment. We can expect noise 
effects to amplify in the presence of other factors which either reduce or 
place heavy demands on concentration and attention. Such t actors as fa- 
tigue and task overload are prime targets for amplification of performance 
degrading" noise effects. 

There is some evidence which indicates that the effects of noise on 
performance are not all bad. Roth and Chambers (1968) indicate that noise 
and variations in noise patterns may have possible uses as positive psycho- 
logical stimuli in the alleviation of isolation and monotony. In other cases, 
perlbrmance facilitation has been reported. The arousal effect of noi,se has 
been postulated as the mechanism to account for this facilitation, A recent 
study of target detection (Warner, 1969) showed that while target detec- 
tion time was not affected by noise levels, the number of detection errors 
decrea.sed significantly as the intensity of the noise increased from an un- 
specified control level to 90 db and 100 db, it could be postulated that the 
more intense noise was more arousing, and that this increased arou.sal facili- 
tated performance as mea.sured by the reduced error, 

(c) Altitude 

The psychomotor effects of altitude are due to the reduced partial pres- 
suie of oxygen, which is well known as one of the most critical require- 
ments for human survival. The magnitude of the.se effects depends upon 
the extent and duration of the reduction in oxygen supply. There appears 
to be ho evidence that high altitude without a corresponding oxygen de- 
ficiency (hypoxia), as measured by arterial saturation, will lead to perfor- 
mance decremep 

The air we b athe contains approximately 20.95 percent oxygen, if we 
assume that the atmospheric, pressure of dry air at sea level is 760 mmHg. 
the partial pressure of oxygen is 159 mmHg. At 10.000 ft., the atmo- 
spheric pressure of dry air drops to 522 mmHg and the partial pressure of 
oxygen takes a corresponding drop to 109 mmHg. The partial pressure of 
oxygen in the lungs (alveolar) and blood (arterial) is related to the atmo- 
spheric oxygen partial pressure in a .somewhat complex fashion. \l though 
oxygen pariial pressure decrea.scd linearly as a straight line with increasing 
altitude, the ability of the blood to hold oxygen goes down a slight .slope 
for a short period (to 12 or 14 thousand feM altitude) and then drops over 
a precipice, * 
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The most sensitive indicator of hypoxia is the loss of visual funciiuns. 
The effects of hypoxia may occur at 4,000 ft. in the form of diminished- 
night vision and it* one Is at 8,000 or 9,000 ft. without supplemental 
oxygen, allowance should be made in those situations demanding good 
nig[it vision or a high margin of safety. At 10,000 ft., the effects of 
hypoxia are definite, but generally unrecognized by the individual. Tasks of 
complex coordination and manipulation, such as handwriting begin to de- 
teriorate in quality. McFarland (1968) admonishes that this is the maxi- 
mum altitude at which an individual should consider his judgement to be 
sound and his performance acceptable. 

At approximately 14,000 ft., McFarland considers an individual to be 
''appreciably handicapped." There is a dimming of vision and narrowing of 
the field of view, tremor of the hands, and impairment of thought and 
memory and, therefore, errors in judgement and performance. Disorienta- 
tion, belligerence, or euphoric behavior and complete lack of rational judge- 
* ment are observed at 16,000 ft. Less complex tasks such as pursuit and 
^ compensatory tracking and reaction time begin to deteriorate above this 
altitude. The average individual is considerably handicapped, dangerous as a 
pilot, and unable to perform reliably in other operational situations. At 
18,000 ft. and above, the individual is seriously handicapped and is on the 
verge of collap.se. 

The duration of hypoxic exposure necessary to elicit the mentioned 
symptoms is very short, usually considered in terms of minutes of expo- 
sure. The critical duration may be exceeded to some extent by individuals 
who have unu.sual tolerance or resistance to hypoxia. Tasks for which the 
operator is highly trained or that require little effort or emotional response 
permit similarly longer periods of useful 'operation (Morgan, et al, 1963). 
However, ^'individuals who smoke should consider themselves 4,000 to 
5,000 feet altitude above the non-smoker because of carbon monoxide 
levels in their blood and impaired diffusion of oxygen in tiieir lung aiveoli*' 
(McFarland, 1968, pg, 7). 

Perhaps the effect that is most dangerous to health and safety as well as 
acceptable task performance is the insidious onset of hypoxia. Experi- 
mental subjects are . not aware of the impairment of their sensory, judge- 
mental, and motor pt'^rformance and are therefore unable to compensate for 
the decrements by exerting a greater effort. Individuals with operational 
experience at high altitudes must rely on their training and knowledge of 
altitude conditions in order to take action to preserve performance levels. 

(d) Vibration 

Vibration may well be one of the most common environmental stressors 
to which man is exposed. Every time he rides in a car, bus, truck, ship or 
airplane he is exposed to vibrations of varying degree, sometimes mild, 
sometimes annoying,, and sometimes painful. Perhaps less obviously, 
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vibration is a problem in work settings as well, such as using hand tools 
operating machinery, or working on production lines. Of interest to us are 
the effects of whole-b )dy vibrational forces which displace bodily tissue 
beyond the threshold of perception and those whicli produce decrements in 
performance and feelings of annoyance and fatigue. In general these fall 
within the category of relatively high amplitude, low frequency vibratory 
forces of the type generated by macliines or vehicles (Figure 54A). 

The major parameters of vibration which are relevant to human vibra- 
tion research are frequency, displacement, acceleration, and jolt. 

Frequency is normally specified in cycles per second (cps) or Hertz (H/) 
just as with noise. Displacement is defined as the maximum half-wave (sin- 
gle amplitude) or full-wave (double amplitude) displacement of the vibrat- 
ing body. Acceleration is the second time derivative of displacement 
(inches; second or cm/second) and is expressed as maximum or peak "g'\ 
For random vibration it is customary to express acceleration as- root mean 
square (r.m.s.) acceleration. Jolt is the rate of ousel of linear impact and. 
as the third derivative of displacement, is expressed in inches/second'\ 
While infrequently reported in human vibration research, jolt is a significant 
factor in the evaluation of human tolerance to very low frequency vibra- 
tions such as the 0.5 Hz vibration of impact. As with all the other stres- 
sors, the duration of vibration is important in establishing its effects. 

Vibration frequency differentially affects the various portions of the 
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human body. These ditVereuces are caused by impedances of the body and 
its parts and organs which damp vibration over certain frequency and dis- 
placement ranges. Likewise, for certain other frequencies and displace- 
ments, there are resonances which amplify the vibration within various 
portions of the body. The smaller the mass of the body part, the higher is 
the resonant frequency- 

In addition to the biomechanical view of bodily response to vibration, 
subjective reaction studies have provided data relative to transient sensa- 
tions which accompany whole-body vibration. Extensive catalogs of the 
bodily sensations to longitudinal vibration have been developed across the 
frequency range of I to 30 H/ for both seated (Parks and Snyder, l%l, 
and Ciianey, 1%4) and standing (Chaney, I%5) subjects (Figure S-5A). 
The reports obtained from subjects have emphasized sensations of a dis- 
turbing or even painful character, involving itching, flapping or shaking of 
skin or appendages, mild pain, pressure and perceived tightness, as well as 
functional hinderances such as swallowing difficulty and blurring of vision, 
Beaupeurt et al (hW) have summarized the effects of vibration on the 
different bodily areas as a function of frequency for seated (Figure S(\^) 
and standing (Figure 5-7A) subjects. In general, low frequency vib'^Uiivn (I 
to 14 H/.) has the greatest subjective impact on the trunk -fnd internal 
organs, while vibrations in the 15 to 27 Hz range are more disturbing to 
the head. 

Vibration-tolerance criteria for vibration exposure is somewhat difficult 
to specify. The limits developed by various investigators agree only within 
limits since the evaluation criteria, positioning, and body support have 
marked effect on subjective estimates of comfort. The present table limit 
and the linearized step curve in Figure S-BA provide a good indication of 
tolerance limits to sinusoidal vibration. 

The psychomotor effects of vibration are generally considered to be 
caused by direct mechanical interference, and in some cases as indirect 
effects resulting from fatigue. The mechanical interference characteristics 
would lead us to expect that vibration will primarily affect the motor 
component of task performance, with some effects on the visual compo- 
nent for tasks demanding relatively precise visual fixation. 

Vibration of either the viewer or the object can blur vision over certain 
frequency and acceleration ranges and is usually attributed to movement of 
the retinal image at a speed too great to be followed by the eye (Tears and 
Parks, I%3). There is no clear-cut evidence that the mechanical decrement 
in acuity is either purely frequency dependent or displacement dependent, 
however, the ability of the human eye lo follow sinusoidal relative move- 
ment of a target begins to break down at I to 2 H/.. 

Primarily visual tasks which do not require acuity or the ability to fixate 
are norinally unaffected by vibration while secondary visual tasks are af- 
fected. This lack of effect on the primary task is evident in two studies of 
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Figure 5^A. Frequency Range for Concentrations of Disturbing Sensations 
for Whole-Body Vibration of Seated Subjects (Beaupeurt, 1969) 
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Figure 5*7A. Frequency Range for Concentrations of Disturbing Sensations 
for Whole-Body Vibration of Standing Subjects (Beaupeurt, 
1969) 
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Figure 5-8A. The Effect of Random Whole-Body Vibration (0,2 to 0,8 RMSg) 
on the Accuracy of Inserting B-Dlgit Numbers for Various Con- 
trols (Dean et al, 1969). 

warning Jight monitoring tasks embedded in a group of simultaneously 
performed tasks (Holland, 1967 and Shoenbcrger, 1967). 

Two major results were obtained: first, the significant decrements that 
occurred were at the higher g levels; and second, the stress of vibration 
environments brought about a reduction in the range ot' visual cue utiliza- 
tion that was seen us a decrement in the most peripheral components of 
the tasks. Vibration can be viewed as producing an additional operative 
load much like the effect of task overloading. 

Ill what may be a classical approach to studying the effects of random 
vibration on psychomotor performance. Dean et al, (1969) conducted three 
experiments to determine the effects of mechanical vibration on the opera- 
tion of decimal input controls. The task required the subjects to view an 
eight digit register and input the numbers into a control system as rapidly 
and accurately as possible. There were six input panel configurations and 
four basic types of controls: push buttons, toggle switches, rotary switches, 
and thumbwheels. The vibration environment was a random, 2 to 30 Hz 
spectrum which ranged" in intensity from 0.2 to 0,8 rmsg with a control 
condition. In the first expjriment, insertion time ,and all error indexes 
showed significantly poorer performance under vibration .(Figure 5-9A), 
After the subjects had learned the task and had become practiced in per- 
forming under vibration in the earlier experiment, they were able to main- 
tain accuracy in the last study by taking longer time to perform the task. 
The outstanding feature of this, study is that, with training, subjects are. 
able to continue to perform in an integrated manner at all levels of vibra- 
tion, even though the upper levels were sufficient to cause intense discom- 



.002 * .006 .010 .01k 
.OOU ,008 ,012 .016 



ERROR PROBABILITY 




BEST COPY AVAILABLE 

106 THE PSYCHOMOTOR DOMAIN '\ 




oi . , , ■ , ^ 

M »• «• M « 

FUCPUCMCY Hi 

Figure 5-9A, Performance of a Compensatory Tracking Task as a Function of 
Frequency and Intensity, of Transverse Whole-Body Vibration 
(Hornick, 1961) 

As we look at more complex tasks such as compensatory tracking, we 
find that whole-body sinusoidal vibration at acceleration-amplitudes ex- 
ceeding 0.1 g in the I to 30 Hz frequency range can produce a significant 
increase in errors (Roth and Chambers, i968b). 

Hornick et al (1961) have shown that transverse or lateral vibration, 
significantly lowers compensatory tracking performance. The frequency of 
1.5 Hz was considered to be a particularly disturbing frequency of vibra- 
tion. What appears critical is that the frequencies which produce the great- 
est resonance in the task -involved body part will produce decrements in 
psychomotor performance at relatively low g levels (Holland, 1967; Harris 
and Schoenberger. 1966) and we see the greatest decrement in performance 
when tracking in the same axis as the vibration (Morris, 1966; Holland, 
1967). 

The six hour duration of vibration exposure makes Holland's (1967) 
study unique in vibration research. By maintaining the test subjects in a 
continuous environment he approached more closely the conditions often 
found in the real world work setting. As might be expected, the duration 
of exposure had its effect on performance. Almost without exception, 
tracking error progressively increased throughout each test session. Con- 
sidering its significant effects on performance, we can guess vibration will 
considerably amplify fatigue effects due to other causes- Snnilar to the 
results obtained by Dean, el al, (1969), a second result was that perfor- 
mance improved over test sessions- Holland indicates that the improved 
tracking performance across lest sessions probably reflects an adjustment or 
adaptation to the vibration conditions, it appears appropriate to imply 
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there are two learning situations: learning to perform the task and learning 
to perform the task under conditions of vibration. 

We can conclude that the effects of vibration on measures of psycho- 
motor performance have yielded varied results depending more on the na- 
tme of the tests than on the quality of the environmental stress. In general, 
those tests which call for maintained intensity, gross motor movement, or 
are primarily mental or cognitive in nature, reveal little or no decrement in 
performance during low frequency vibration. On the other hand, tasks 
which require precise mu.scuiar coordination or positioned conlroi of limbs 
and extremities do show adverse effects. The quality of the vibration has a 
somewhat confusing intluence on performance and is most probably related 
to the intensity of the vibration which affects the portion of the body 
most involved in performance of the task. While it is evident that vibrations 
encountered in many work settings will have detrimental effects on task 
performance, the effects may be partially alleviated through training pro- 
cedures which expose the learner to the vibration conditions he is expected 
to encounter. 



(e) Combined Environmen(,»l Stressors 

Environmental stre.ssors have been investigated for decades. A survey of 
the available literature, however, will reveal that almost all of the studies 
have investigated only a single environmental stressor. Only rarely have two 
or more stressors been investigated in combination, in attempting to under- 
stand and predict the effects of combinations of stressors which are char- 
acteristic of aerospace systems, this lack of investigation produces an emer- 
gent eflect which is not equal to the simple sum of the single effects. 

To extrapolate the effects of combined stressors from data obtained 
from studies of single stressors may be dangerous. Take for example the 
designer of a new space vehicle who is concerned about the combined 
effects of temperature, noise, and vibration. If he simply adds the single 
effects to predict the combined effect, and the effects are more thrui addi- 
tive, the pilot may be unable to perform his tasks or injured. However, if 
the effects are less than additive, the vehicle will be over-designed and 
unnecessarily expensive. This non-additivity may be thought of as an inter- 
action similar to that in which the properties of a combination of elements 
(water) may qualitatively differ from the properties of any or all of the 
elements (hydrogen and oxygen). We illustrate this interaction, within the 
context of environmental stressors, with a combination of stressors which 
produce a decrement in performance which can not be predicted from an 
addition of the individual effects. Of. considerable interest has been the 
attempt to describe the nature of the combinations or interactions between 
stressors; are they additive, more than additive, less than additive, or pro- 
duce no effect when combined. 
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Unfortunately, much of the work with combined stressors is as incon- 
sistent as that with the single stressors. In 1964 Dean and McGlothlen 
(1^)65) attempted to determine the nature of the combination of the ef- 
fects of heat (70*^ to 100^ F) and noise (70 to 100 db) on human perfor- 
mance, comfort and physiology. They required their subjects to simul- 
taneously perform tasks of tracking, radar monitoring, and meter monitor- 
ing. Outside of a single facilitory noise effect of reducing response time on 
the meter monitoring task, there were no differences between the stress 
and control conditions, much less any indication of an interactive effect of 
the combination, 

A following study by Dean, McGlothlen, and Monroe (19M) was de- 
signed to evaluate the effects of repeated exposures to noise and vibration- 
Six helicopter pilots were tested under seven 40-minute exposures to real- 
istic helicopter noise (up to 114 db) and vertical vibration (up to 0,41 
RMSg) over a six-hour period. The tasks performed by the pilots were 
representative of cockpit tasks and included tracking, meter and warning 
light monitoring, and operation of switch action controls. No evidence of 
physiological or performance degredation was observed. In fact, the only 
performance change observed over the seven repeated exposures was signifi- 
cant improvement in tracking performance from the first of the last trials 
which may be interpreted as a learning to perform under conditions of 
environmental stress. 

Two additional unreported studies by Dean (1964 and 1965) investi- 
gated the combined effects of heat (to 105*^ F), noise (to 124 db)> and 
vibration (to 3.0 RMSg) on the ability to fly a realistically simulated three 
stage booster into orbit. Ten higlily competent pilots and astronaut trainees 
tlew the 9.5 minute boost tlight using a complex of flight instruments and 
controls. The data in both studies failed to show any decrement in per- 
formance as compared to the control conditions. 

We still cannot believe that stressors in combination produce no mea- 
surable effects on performance. The lack of decrements similar to those 
shown in single stressor studies cannot be attributed to lower task com- 
plexity, as these studies cover the range of tasks and complexity of any 
other study reported. The deciding factor may well lie within the realm of 
training and motivation. In all of these multiple stress studies conducted by 
Boeing, the subjects were higlily skilled and experienced pilots who had 
been given additional training on the tasks (which were analogous to those 
of flying). Being professional pilots, they had an extremely high sense of 
motivation to do their job well and when their piloting skills were being 
measured, they showed a highly competitive spirit which seemed to lead 
them to apply their utmost capability to perform the tasks well, regardless 
of the conditions. 

The significance of the benefits to be derived from high motivation and 
extensive training in the task can be inferred by comparison of results from 
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a contrasting study by Dean and McGlothlen (1062) where the interactive 
effects of heat, noise and altitude were clearly shown. The subjects in this 
study had neither the prior task training and stress experience nor the 
motivating attitude associated with the subjects used in the studies de- 
scribed above. 

The effects of eiglu environmental conditions were investigated which 
involved all possible combinations of the three single stress conditions 
{noise-iemperature, noise-altitude, temperature-altitude, and noise-tempera- 
ture-altitude) plus a non-stress control condition. 

Nine measures of performance were obtained: four dealt with tracking, 
three with radar warning, and two with meter monitoring. All ta.sks con- 
tained both sensory and motor components and were characterized as 
either primary or .secondary tasks. The data .sliowed that both primary and 
secondary task performance was generally adversely affected by the .single 
and combined stressors. The importance of this result rests with the fad 
that the subjects used were not highly trained, experienced, competitive, 
and motivated pilots which were used in the later studies described above. 

The second major result of this study (Dean and McGlothlen, 1^62) 
shows that where stressors do affect performance, combinations of environ- 
mental stre.ssor.s may have different interactive effects on primary and 
secondary la.sk performance (Figure 5-1 OA and 5-1 lA). The four combina- 
tions of environmental stressors affected the primary task of tracking in 
either an additive or less than additive manner while the effect of the 
stressor combinations on the secondary tasks was essentially opposite. 

The le.ss than additive etTect on the primary ta.sk and the more than 
additive effect on the secondary tasks suggests that the subjects concen- 
trated on the primary task at the cost of greatly decreasing their pertbr- 
mance on the secondary tasks. 

The narrowing of f')cus on only the key task elements, paralleling a 
similar effect on fatigu- and task overload, may have iniportant implica- 
tions in the performanc e of even highly trained and motivated people- If 
the conditions of confined stressors, fatigue, and task overload arc all 
present in an operalio;,jl situation, it is probable that p.sychomotor per- 
formance will be degridcd unless the utmost in motivation and skill level 
are present. 
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Section B. Time and Work Effects 

Processes and events oocuring during passage of time may affect both rate 
and level of learning, as well as task performance output. 

Time and work effects are interactive, since work effecis show up in 
performance over time. The combined effects also interact with motivation 
and skill. Figure 5*1 B shows typical performance decrements for several 
different types of tasks. These decrements may be controlled, reduced, or 
even eliminated by judicious task design, work-rest cycle programming, and 
motivation management. 

Vigilance 

The most dratnatic timc-effeci is seen in vigilance performance decre- 
ment. Vigilance is a perceptual task; in effect, watch-keeping, monitoring, 
or inspection, where an observer is required to detect infrequent, random, 
low-inlensily events. The simplest cure is to relieve the observer after 20 lo 
30 minutes but this is expensive, since it increases markedly the number of 
observers required to maintain constant vigilance. Perceptual performance 
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such as vigilance (watch-keeping), monitoring or inspecting, can be sus- 
tained by programming and highlighting stimulus material, so that critical 
stimuli arc more apparent, and by training the observer to anticipate time 
and place of occurrence. 

In a study of a simulated industrial inspection task, inspector efficiency 
was maintained best if the signal rate was high, i.e., there were many 
defective articles, so that they appear at short intervals. This suggests that 
**artificiai defectives'' mi^it be programmed into the inspection task (Bada- 
laniente, 1969). Detection performance can also be improved by training 
the observer to know where or when to expect a signal, if the spatial and 
temporal characteristics of the detection task can be specified, the observer 
will have reference points, and can more efficiently focus his attention to 
detect critical signals. 

Perceptual performance can be enhanced by specific stimulus-response 
training, with knowledge of results. Studies directed specifically lo tech- 
niques for improving perceptual training seem to be rare, but Annett 
(1^)66) has described three methods of training in perceptual tasks which 
lead to improved performance,. compared to simple practice, Annett's meth- 
ods are: (a) cuing, by providing information about the forthcoming stimu- 
lus before its presentation: (b) providing knowledge of results after the 
response: and (c) reducing the difficulty of the material. All three were 
superior to a simple practice sit'u^on. Cuing was equal to or better than 
knowledge of results and training on easy material was least successful. 

Observers may also be trained to detect in themselves the symptoms of 
**unalertness." and thus achieve a degree of motivational control, in an 
article on **Alertness Management in industry,'* related to production rate, 
quality control, and operator safety (Moody and Duggar, 1*^)66), alertness is 
defined as "the state of readiness to made responses appropriate to the 
requirements of the situation." The nature of alertness is said to involve 
not only vigilance but **set," fatigue,, sleep and sensory deprivation, stress, 
and motivation. These authors **seriously doubt that people can be trained 
to be aiert for long periods. They can, however, be trained to detect the 
signs of unalertness and take preventive measures." They cite, among truck 
drivers, reliable but highly individualistic symptoms which warn of falling 
asleep, and the idiosyncratic methods the drivers use to overcome sleepi- 
ness. Harry Jerison, a leading contributor to theoretical research on vigi- 
lance, has drawn some practical conclusions about alertness: . . the data 
of vigilance experiments suggest that regardless of when a signal occurs, if 
the observer is observing alertly he will not miss it. The . . . applica- 
tion . . . is . . . concentrate on techniques for maintaining alertness . . . design 
displays that make it more likely that the observer will be alert when a 
signal occurs." 
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Fatigtie 

Fatigue is variously defined and measured in terms of* physiological 
states, subjective feelings, or measured performance decrement. Empirically 
established relationships among these various measures are at best tenuous 
and often contradictory. 

Physiological measures of fatigue include oxygen consumption, energy 
expenditure, heart rate, and blood chemistry. Thus far, these measures have 
not been effectively related to performance decrement. (Pierson and Rich, 
1967) 

Fatigue effects, or sheer work decrement, depend in part upon physical 
fitness, but are also strongly influenced by worker skill and motivation. 
Though physiological fatigue products generally reduce the body capacity 
to perform work, sheer physical exertion does not necessarily lead to de- 
graded task performance. In a study of the effect of a burst of violent 
exercise upon performiince of skilled visual-motor tasks, one .group of 
normally-fit men were compared to a group especially selected for out- 
standing physical fitness. Among normally-fit men, on a medium difficult 
task there was no performance decrement; while , a very difficult task 
showed a significant decrement in tracking efficiency. For the "ultra-fit'' 
group the effect was trivial and not significant (Hammerton and Tickner, 
1968). Thus, jobs known to involve strenuous exertion should require selec- 
tion for, or training in, physicUl^tness. 

Subjective measures of fatigue range from reported "feelings of tired- 
ness" after intensive exertion, to "feelings of boredom'' after sedentary 
activity. These measures can sometimes be related to performance decre- 
ment, but the relationship is very likely confounded in that both perfor- 
mance and subjective feeling reports may be functions of the subject's 
motivation to perform the task. It has been empirically established that 
students or trainees are notoriously poor judges of their own fatigue, or the 
effects of fatigue on tneir own performance. 

As with environmental stress, fatigue effects may be confounded with 
task complexity. Fatigue may have subtle effects only on secondary tasks. 
Workers may be trained t^o detect fatigue symptoms that presage perfor- 
mance decrement (Moody & Duggar, 1966), and trained or instructed to 
attend most carefully to critical tasks in a multi-task job. 

Work-Rest Cycles 

Human performance is susceptible to diurnal and circadian rhythms, as 
well as a variety of other neurophysioiogical and psychological periojdicities. 
A recent discussion on man's normal neurophysioiogical and psychological 
rhythms, points to "some 50 such patterns of fluctuating functions... 
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which . . . influence . . . level of performance j.nd ability to maintain per- 
formance." These performance variations are related to circadian rhythms, 
and a variety of other physiological, neurological, biochemical, cultural, 
occupational, and personal periodicities. 

The most familiar circadian rhythm is the diurnal alternation of sleeping, 
waking, and eating. This cycle is of interest to SST developers, who recog- 
nize that tliglu crews will be called on to shuttle over longer distances, 
faster, and more frequently. 

Obviously, adjustments are possible. Humans can adapt to working on 
altered cycles; and it is possible to control the environment to preclude 
obvious changes in diurnal cycles. The story may be apocryphal, but it is 
alleged that Russian pilots, after crossing seven time /.ones from Moscow to 
Havana, are restricted to a controlled layover hotel, where lighting, meals, 
and even clocks are maintained on Moscow time. 

Trumbull (l%6) points to cyclic variations in reaction-time, memory, . 
various performance tasks, as well as a variety of internal states, and con- 
cludes "that mental and physical efficiency correlate with basic physio- 
logical rhythms." These rhythms range from neural activity in the reticular 
activating system in the brain stem, through refractory periods in a nerve 
cell, to time-of-day, and beyond, to lunar cyck periodicities. He suggests 
that we prepare "periodicity maps"* with which to coordinate activity 
schedules. These periodicities are reliable, yet quite individual. 

Moody and Duggar (1966), discuss individual differences in the times at 
which peak arousal may occur, and suggest, for highly critical task situa- 
tions, that work be cycled to, coincide with the individual's natural period 
of peak arousal or periodicity map. 

Chiles, Allusi, and Adams (1968) report on cyclic variations in physio- 
logical states (pulse rate, skin temperature, axillary temperature, and skin 
resistance) and performance on psychomotor and cognitive tasks. Their 
studies, in support of long duration mission aircraft development, sought to 
establish manning requirements, work/ rest schedules, and mission duration 
limits. Mission task performance and physiological states were both related 
to diurnal cycle as well as to work-load, work period duration, work/rest 
schedules, duty period duration, and mission duration. Their results are 
specific to the system situation, but they show generally that performance 
on a 4-on/4-off schedule was comparable to a normal eight-hour split-shift 
work day; and that the 4/4 schedule was better (in terms of performance) 
and less taxing (in terms of performance reserves) than a 4/2 schedule, 

Circadian rhythmic peaks in both performance and psychophysiological 
functions tended to occur in parallel. This diurnal performance variability 
was brought under motivational control, however, by 6 highly motivated 
Air Force cadets who were instructed in diurnal effects and urged to work 
to prevent decrements (Chiles, et ah 1968). 

Work/rest schedules in industrial situations involve shift structure, 

O 
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scheduling of rest pauses, and the nature of the rest pause. Shift schedules 
which are contrary to worlcer preference may produce morale problems 
rather than direct work performance decrement (Dirken, J%6). 

An applied industrial study of the nature of a rest pause compared a 
passive pause to a gymnastic pause. The gymnastic pause resulted in im- 
proved hand steadiness, diminished general fatigue and eye fatigue, faster 
work, and greater muscular strength. So rest, per se, is not the ideal way to 
fill a coffee break (La Porte. U)66). 

A common .instructional work cycle is the conventional method of pre- 
senting short I to 3 minute practice and test sessions in early typing 
traiiiing. Typing performance measured over 30-minute practice sessions, 
however, produced both word-per-minute and error-per-minute scores which 
were surprisingly stable. Absolute decrements were trivial (West. 1%*^)). Of 
further interest to typing instructors was the finding that it takes at least a 
5-nunute straight-copying typing test to achieve a reliable measure of typ- 
-ing error. 

The studies in the area of work scheduling lead to the general conclu- 
sion that both training and job tasks can profitably be structured to take 
advantage of recurrent peaks in capability, though there are social and 
culuual Uniils 'o Ihe pracUcalUy of such programming. U.S. airline pilots 
would not take kindly to a controlled layover hotel in Paris. 

Summary Time and Work Effects 

Processes and events oc curing during passage of time may affect both 
rate and level of learning, as well as task performam-.e output. Time and 
work effects are interactive, since work effects show up in performance 
over time. The combined effects also interact with motivation and skill. 

Perceptual performance such as vigilance ('*watch-keeping." monitoring, 
or inspecting) can be sustained by programming and highlighting stimulus 
material, so that critical stimuli are more apparent, and by training the 
observer to anticipate titne and place of occurrence (Badalaniente, I ^^6^)). 
Specific stimulus-response training, with knowledge of results, will enhance 
perceptual performance (Arnett, 1^)66). Observers may also be trained to 
detect in themselves the symptoms of "unalertness/' and thus achieve a 
degree of motivational control (Moody & Daggar, !%6; Jerison, 1%^). 

Fatigue effects, or sheer work decrement, depend in part upon physical 
fitness, but are also strongly influenced by worker skill and motivation. As 
with environmental stress, fatigue may liave subtle effects on secondary 
tasks; and subjective worker reports are not reliable performance measures. 
Jobs known to involve strenuous exertion should require selection for, or 
training in. physical fltness (Han\merton & Tickner, 1968). Workers may be 
trained also to detect fatigue symptoms that presage performance decre- 
ment (Moody & Duggar, 1966); and trained or instructed to attend most 
0 fully to critical tasks in a multi-ta.sk job. 
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Human performance is susceptible to diurnal and circadian rhythms, as 
well as some fifty other neurophysiological and psychological periodicities 
(Trumbull, 1966). With special motivation, subjects can minimize diurnal 
variations in performance (Chiles, 1968). Work scheduling may preclude 
both time and work decrements, if organized to take advantage of peak 
capability periods, and avoid known cyclic depressions (Trumbull, 1966), 

The single most important conclusion to be drawn from time and work 
studies is that these influences will operate to some degree in any job 
situation. No arbitrary technique can provide a cook-book solution to im- 
proved task performance. Job and task procedures must be structured, the 
work-plJce and environment engineered, and available personnel trained and 
motivated in skills specific to the task. 
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Section C. Toxic and Drug Effects on Psychomotor Performance 

/. Introduction 

The physiological basis oi sensation and psychomotor performance is the 
proper functioning of the central nervous system. Any drugs or toxic sub- 
stances which affect the nervous system directly by stimulating or depress- 
ing the function of neurons, or indirectly by affecting their blood supply 
or metabolism or which affect the organs of special sense in any way, 
would be the concern of this conference because they ultimately affect 
psychomotor performance. In the basic review of toxic and drug effects 
presented at the Psychomotor Conference, all drugs or noxious agents 
which would fall under the above broad definition, understandably were 
not covered. Nor, was it the original intent of the paper to provide such 
broad coverage. Instead, presenting a limited range of information on toxic 
and drug effects gleaned primarily from industrial, military or private re- 
search sources, and grouped to be studied in relation to complex job be- 
havior, was the objective of the review. 

Thp reasons justifying this approach were essentially threefold. First, 
tr^iditional studies of toxic substances and drugs have generally emphasized 
pathophysiological effects; remarkably little emphasis has been place! on 
psychomotor or behavioral effects. Second, concern with environmental 
pollution and the promiscuous use of drugs is expanding rapidly and at- 
tracting the attention and participation of the educational community; con- 
sequently, a summary of the somewhat complex behavioral relationships of 
drugs and toxic substances could be useful particularly to those educa- 
tional specialists interested in the psychomotor domain. Finally, to .ic and 
drug effects research generated by nonprofit research organizations and 
military-industrial groups is sufficiently unique and relevant to the broad 
objectives of this conference to warrant special attention and reporting. 
The summary and conclusions which follow reflect, in general, the above 
intent. 

T.^ eliminate redundancy, the Summary and Conclusions does not paral- 
lel the sequence of presentation by occupational classification, followed 
within tht body of the report. Instead the data in the combined section 
have been related to psychomotor performance in its broadest context. 



2. Summary and Conclusions on Selected Areas 

(a) Behavioral Drug Research: A Molar Approach. Information resulting^ 
from research performed by industry, the military and nonprofit research 
organizations on the enhancement or impairment of behavior induced by 
drugs, toxic agents and unfavorable environments can be increasingly useful 
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to educational specialists. These molar bchivioral studies have special utility 
since they are done in relation to activities (job-contexts) that are inipor- 
tani to man, highlight the necessity of including human behavior as a vari- 
able in toxic and drug effect investigations and support the need to use 
human performance as one of the principal bases for setting standards for 
environmental quahty. 

(b) The Psychopharmacology of Everyday Life. What Murphree, et al 
(1967), have called '\ , . the psychopharmacology of everyday life, the 
study of the effects of numerous drugs with which people dose themselves, 
often chronically for many years, ot*ten without or even against medical 
advice, often for no discernible medical reason" must necessarily be a con- 
comitant consideration in any investigation that studies contemporary man. 
This variable is of equal importance whether we study him in his terrestrial 
or extra-terrestrial iiabitats or in the context of the manifold occupations 
he may choose to earn-^'his livelihood. Wc generally find in his medicine, 
liquor or kitchen cabinets the types of drugs reported in this review: ethyl 
alcohol, aspirin and related compounds, antihistamines, various tranquilizers 
or antianxiety drugs, stimulants such as caftlne, pure or in tea or coffee, 
and amphetamine, tobacco and a host of others. We also must include the 

ubstances over which he has little or no control. The toxic as well as the 
life supporting gases that are found in his natural or artificial atmospheres 
and the harmful or nutrient substances that are dissolved in the food he 
ingests or the water he drinks. If the first order etTect of the psychophar- 
macology of everyday life is ignored, second order studies on the behav- 
ioral effects of toxic substances and drugs can yield only questionable if 
not meaningless results. What effect the promiscuous use of drugs and 
prolonged habitation in a polluted environment will have, not only on 
performance, but on the more fundamental process of learning, is an in- 
triguing question. It may become a requirement within tbi field of group 
and individual testing to standardize test instruments on populations de- 
scribed both in conventional terms such as age, sex, intelligence, etc., and 
equally important, on the psychopharmacology of their everyday life. 

(c) Behavioral Effects Associated with Small Doses of Carbon Monox- 
ide. The work by Schulte (1969) and Beard and Wertheim (1967) is of 
special significance to this conference. These researchers dared to investi- 
gate the effects of concentrations of carbon monoxide (CO) below 100 
parts per million (100 ppm)» an air quality standard that had long become 
frozen into common usage. Although it had been repeatedly stated that 
below this level there are no perceptible physiological effects, they under- 
took the exploration of this region looking for subtle behavioral changes 
and found them. In Schulte's study, the effects of exposures for varying 
lengths of time to an atmosphere containing 100 ppm of carbon monoxide 
were measured in a group of 49 healthy men between 25 and 55 years of 
age. This exposure produced levels of carboxyhemoglobin in the blood of 

Q [\\c subjects ranging from 0 to 20.4%. 
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Impairment of function due to carbon monoxide occurred earliest in the 
higher centers of the central nervous system in that area (or areas) of the 
brain which controls some of the cognitive and psychomotor abilities. Im- 
pairment was detectable at levels of carboxyhemoglobin^elow 5%. and the 
degree of impairment increased with increasing concentration of the car- 
boxyhemoglobin in the blood. Subjective symptoms did not occur nor were 
liny phy.siologicai activities affected at levels of carboxyhemoglobin below 
209c. Thus, alteration can and does occur at much lower levels of carboxy- 
hemoglobin than those which are necessary to produce subjective symp- 
toms or alter physiological signs. Furthermore, the degree of alteration in 
psychological abilities may be quite prolbund before any clinical signs or 
subjective symptoms are elicited. For exaniple. there was a tenfold increase 
in number of errors in choice discrimination when the level of carboxy- 
hemoglobin in the blood reached 20%. 

Table 5-1 C gives the number of observations, the mean levels of response, the 
ranges of response, and the correlation coefficients between the particular mea- 
surement for each of these activities and the level of carbon monoxide in the 
blood. A graphic depiction of the results is illustrated in Figure 5-IC. 



Table 5-IC - Mean of test response at each carboxyhemoglobin level 



Response Errors 

COHgb% No. of 



Observat'ns 


Letter 


Color 


0.00 


64 


9.1 


8.4 


1.0 


2 


7.0 


1.0 


2.0 


5 


5.6 


7.0 


3.0 




10.0 


9.8 


4.0 


4 


10.5 


12.5 


5.0 


9 


17.3 


19.5 


6.0 


1 


6.0 


7.0 


7.0 


12 


20.2 


20.8 


8.0 


3 


21.0 


25.6 


9.0 


3 


28.0 


28.6 


10.0 


8 


22.5 


24.2 


11.0 


5 


18.2 


21.4 


13.0 


6 


23.0 


33.3 


14.0 


6 


30.0 


32.6 


15.0 


7 


38.6 


37.9 


16.0 


10 


41.2 


41.9 


17.0 


2 


32.0 


36.0 


18.0 


5 


38.6 


43.2 


19.0 


2 






20.0 


2 


70.0 


83.5 
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Plural 










Noun 


Time 




Time 




Time 


(Sec) 


Errors 


(Sec) 


Errors 


166 


778 


3.7 


91 


1,85 


147 


932 


6.3 


91 


2.50 


154 


759 


4.1 


107 


2,33 


178 


790 


5.7 


92 


2.60 


184 


644 


5.0 


81 


3.00 


176 


807 


4.9 


124 


5.69 


170 


776 


4.5 


149 


3.67 


165 


787 


3.6 


109 


2.20 


252 


902 


5.3 


162 


3.60 


202 


840 


2.5 


72 


9.00 


199 


963 


7.4 


144 


4.70 


207 


835 


4.6 


152 


2.83 


216 


1,039 


3.2 


107 


3.25 


226 


944 


6.5 


148 


5.50 


237 


1,110 


4.3 


158 


3.13 


235 


835 


6.0 . 


220 


3.75 


222 










244 


1.064 


6.2 


233 


6.80 




1,015 


6.0 


299 


8.00 


208 
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Beard and Wertheim (l%7) decided that improvement was needed in 
the methods of setting standards of air quality. In establishing such stand- 
ards, liiey proposed thai the effect of various pollutants upon human per- 
formance should be considered. Toward this end, the effects of exposure to 
carbon monoxide upon the ability of 18 young adults, U.S. Army Person- 
nel, to discriminate short intervals of time were studied. Deterioration of 
performance was observed. This occurred after 90 minutes at 50 ppm, and 
at proportionately shorter times after exposure to higher concentrations up 
to 250 ppm. The value of using a behavioral parameter to elicit impairment 
associated with small doses of a noxious agent was confirmed. 

The results from their two studies obviously do not justify the immedi- 
ate establishment of new air quality standards or threshold limit values, see 
Figure 5-2C for carbon monoxide values. Also, considerably more study is 
required before the significance of performance decrements they identified 
which are ai iociated with low concentrations of CO, is fully understood. 
However, their work does point out the necessity to include studies on the 
effects of toxic agents on both simple and complex patterns of behavior as 
well as to apply experimental methods and techniques from the behavioral 
sciences: (a) to assist us in understanding the mechanism of their toxic 
action, (b) to generate data which may ultimately provide a more rational 
basis for setting safer standards of environmental quality, and (c) to help us 
in evaluating the effects of noxious agents upon man's capacity to both 
learn and to perform important psychomotor tasks. 

The graph in Figure 5-2C shows the effects of carbon monoxide on man 
as functions of concentration and exposure time. Milder effects are shown 
as a lightly shaded band of exposure times on concentrations, while dan- 
gerous or lethal times and concentrations a\*; grouped in the heavily shaded 
band. The solid lines are the exposure limits set by the military services for 
aircraft. The point marked at 0,05% (CO 50 ppm) and 480 minutes is the 
current Threshold Limit Value (TLV) for 8 hours-a-day exposure. 

(d) Hypoxia and the Altitude Equivalence of Drugs. McFarland's (1963) 
gross .summary of the behavioral and psychomotor changes (ranging from 
deterioration in the quality of complex coordination at 10,000 feet to loss 
of simple coordination at 17,000 feet) associated with reductions in oxy- 
genation of the blood highlights man's problem in functioning in the aero- 
space vehicles' environment. Because of recognized human susceptibility to 
extremes of altitudes, builders of aerospace systems design within their 
environmental subsystems so that man will not be exposed to environments 
that may be physiologically damaging or physically painful, or contribute 
in any way to a reduction of his motivation and alertness, or lead to 
impairment of critical or safe operational performance. 

The tissues we implicated as being the physiological bases for psycho- 
motor performance, those of the central nervous system, particularly the 
brain and eyes, cannot function without oxygen. Since the only oxygen 
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Stored by the body is what is actually being transported by the blood, 
oxygen breathing systems for aircraft must be furnished. It is these systems 
that make human fliglu and functions possible and less hazardous at other- 
wise impractical altitudes. 

Even though provisions are made to protect man in space from environ- 
mental conditions outside the limits of his tolerance, he can still jeopardize 
his ability to survive or to use his faculties in operating his aircraft by 
deliberately or accidentally effecting changes in his own internal environ- 
ment (see Wilks and Clark, 1959). The information presented on carbon 
monoxide by Hagen-Schniit (1965) and Allan and Allard (1961), alcohol 
by Harper and Albers (1964), McFarland (1953), McFarland and Forbes 
(1936) and Haldane and Priestly (1935) and smoking by Parmeggani and 
Gilordi (1952) and McFarland (1944) clearly indicates that these agents 
affect pilot performance by producing hypoxia, the general term denoting 
underoxygenation of body tissues from any cause. Alcchol produces this 
effect through respiratory depression while CO and smoking (which pro- 
duces CO as a byproduct) form an abnormal compound in the blood, 
carboxyliemoglobin, which reduces the oxygen carrying capacity of the 
blood. Goren's 1966 study to test the hypothesis that alcohol could affect 
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the uptake of CO in humans, possibly producing an effect more toxic than 
either alone fortunately was nonsupporting. 

A significant implication for the performance or training of psycho- 
motor tasks at sea level is that each of the substances discussed above has 
an altitude equivalence. For example, inhaling the smoke of three cigarettes 
at sea level can be equivalent of functioning at an altitude of 8,000 feet. 
Kelman and Crow (1969) conducted studies in which Ss performed two 
types of vigilance tasks aC a simulated altitude of either 2,000 feet or 8,900 
feet. Their results supported other findings that acute exposure to a simu- 
lated altitude of 8,000 feet impairs learning of a new task. Lilienthal and 
Fugitt (1946) specifically demonstrated the altitude equivalency of CO. 
The successful search for a drug that will aid accomodation to altitude may 
ultimately mitigate the altitude equivalence effect which can handicap the 
inveterate smoker. Although work by Cain and Dunn (1965) and (1966) 
suggested that the drug acetaxolamide miglit aid accommodation to alti- 
tude, studies by Hartman and Phelps (1968) yielded no substantial evidence 
to support use of the drug for this purpose. 

(e) A Partial List of Representative Behavioral Drugs. Table 5-2C (from 
Boren, 1966) is included because it represents an excellent summary of the 
impon.-nt psychotropic drugs; that is, those with a psychological effect. 
Although the table covers many categories of behavioral drugs, this paper 
has essentially centered on the following three classes of drug effects: (I) 
Drugs having stimulant subjective and behavioral effects, (2) Drugs having 
depressant or hypnotic behavioral effects, (3) Drugs having tranquilizing or 
antianxiety behavioral effects. Tobacco really fits well in none, but right- 
fully falls in all of the above classes. We shall therefore give it the recogni- 
tion it deserves by labeling it as one of the oldest and most widely used 
psychotropic drugs. 

(f) Behavioral Studies and Setting Meaningful Standards of Air Quality, 
As citizens, educational specialists must do their utmost to combat the 
increase in air pollution and to support the many recommendations of the 
Environmental Pollution Panel of the President's 1965 Science Advisory 
Committee. One recommendation in particular for which their support as 
educators, more so than citizens, is required, states that . . efforts 
(should) be increased to establish the scientific bases upon which standards 
of environmental quality can be set." Among the ''scientific bases" which 
can be considered in setting standards of environmental quality, evaluation 
of the effects of pollutants upon man's capacity to perform important 
tasks is unquestionably of prime importance to training. 

This review contains convincing evidence of the deleterious effects that 
drugs and atmospheric toxic agents can have on complex human behavior 
in either artificial or natural environments. Educators involved in the 
psychomotor domain must insist that behavioral studies along with more 
classical physiological studies be used to provide data which may ultimately 
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Table 5-2C. A Partial List 
Boren, 1966) 



of Representative Behavioral Drugs ^ (From 



L Stimulants 

d-amphetamine (Dexedrine) 
methamphetamine (Methe- 

drine and others) 
methyl phenidate (Ritalin) 
Pipradrol (Meratran) 

II. Antidepressants 

A. Monoamine oxidase inhibitors 

iproniazid (Marsilid) 
isocarboxazid (Marplan) 
niaiimid (Niamid) 
phenelzine (Nardil) 

B. Other antidepressants 

amitryptaline (Elavil) 
imipramine (Tofranil) 

III. Depressants 

A. Tranquilizers 

1. Phenothiazine derivatives 
chlorpromazine (Thorazine) 
fluphenazine (Permatil or 

Prolixin) 
perphenazine (Trilafon) 
prochlorperazine (Com- 
pazine) 
thioridazine (Mellaril) 
trifluoperazine (Stelazine) 



2. Rauwolfia alkaloide 
reserpine 

3. Muscle relaxants 
meprobamate (Miltown 

or Equanil) 
chlordiazepoxide (Librium) 
B. Barbiturate hypnotics 

pentobarbital (Nembutal) 
phenobarbital (Luminal) 
secobarbital (Seconal) 
thiopental (Pentathal) 

IV. Antichoiinergics 

atropine 

benactyzine (Suavitil) 
benztropine (Cogentin) 
methantheline (Banthinel 
scopolamine 

V. Hallucinogens 

lysergic acid diethylamide 

(LSD) 
mescaline 

VI. Analgesics 

meperidine (Demerol) 
morphine 



The generic name of the drug is given first, and the trade name appears second 
in parenthesis. 
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provide a bnsis Tor setting meaningful standards of air quality as well as an 
understanding of both gross and subtle behavioral effects of air pollutants. 
Also -they sliould reconnnend that these behavioral studies be done in rela- 
tion 10 job activities v^^hich are important for man or \o segments of real- 
life activities (rather than abstract laboratory tasks) to ensure that results 
can be readily transferred and utilized in the world of vocational training. 

(g) Drugs and Toxic Agents of Greatest Concern in Vehicle Operation, 
Aviation and General Use. Some of the medications mentioned by Dille 
and Mohlcr (1969) of greatest use and concern in geijefal aviation uiclude: 

Analgesics. Acetyl salicylic acid {Aspirin} is used more often than any 
other over-the-counter drug. To.xic effects though rare are almost always 
associated with large do.ses. An example, related to psychomotor perfor- 
mance, is a reduced tolerance to hypoxia, mostly because of an increase in 
body metabplie rate. 

Antihistamines. Undesirable behavioral effects of these drugs include 
drowsiness, inattention, confusion, mental depression, dizziness, decreased 
vestibular function and impaired deptli perception. The combined (synergis- 
tic) eftects of alcohol and antihistamines cause greatiy impaired efficiency 
and judgment. 

Motion Sickness Medications. All of these readily accessihle compounds 
liave sufficient side effects to limit their use: drowsiness, dizziness, blurred 
vision. In coinbvnation with alcohol they .severely depress the central ner- 
vous .system (CNS). 

.Anipltetatnines. These are cerebral stimulants which diminish a sense of 
fatigue or delay its onset tending to force the body beyond its natural 
•capacities. Over-dosage is reported to produce nervousness, impaired judg- 
ment and euphoria. 

, Tranquilizers and Sedatives. These substances have measurable effects on 
alertness, judgment, efficiency and over-all performance. They are generally 
prescribed without due concern for the patients occupation and may cause 
severe unsuspected depre.s.sant effects in combination with alcohol. 

McFarland and Moseley's (1954) work, wliicii was cited extensively in 
ihe body of the review, leaves no doubt as to the critical relationship 
between alcohol. lobacco and drugs and driver performance. The effect of 
these agents is briefly summarized below: 

Alcohol. Contrary to popular belief its action on the nervous system is 
that of a depressant rather than a stimulant. Heavy imbibers manifest 
poorer performance in muscular skill, sensory acuity, memory judgment, 
and other psychological functions. 

Tobacco, Excessive smoking may significantly influence a driver's night 
vision since ,a distinct ri.se in the visual threshold can occur after each 
cigarette. Although various experiments have shown little effect of tobacco 
on complex psychological and mental functions, the impairment of night 
vision is especially significant for night driving since dim illumination im-. 
poses such a strain on visual functions. 

Other Drugs, fa) Bromides and barbiturates: sleep inducing drugs which 
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may continue to have an effect, i.e.. an inhibitory action on the CNS, 
beyond the period of sleep, (b) Antibiotics: streptomycin, as an exampb, 
may produce reactions such as loss of balance, dizziness, ringing in the ears 
and deafness, (c) Dramaiiiine and Antihistamines: give rise to drowsiness, 
(d) Caffeine: stimulates the CNS, (e) Benzedrine: markedly stimulates the 
CNS resulting in elevation of mood, euphoria, decreased ability to concen- 
trate and sleeplessness. 

The results of an investigation by Heimstra. Bancioft, and Dekock 
(1967) on the effects of smoking upon driver performance showed no 
significant differences between smokers and nonsmokers in the various 
measures involved in a driving device. However, deprived smokers showed 
significantly more tracking errors and vigilance errors than subjects in other 
groups and data from a mood scale indicated increased feelings of aggression 
in the deprived smoker and nonsmoker groups, but not in the smoker 
group. The authors review of other studies dealing with the effects of 
smoking on psychomotor performance indicated that the typical initial ef- 
fect of tobacco appears to be a decrease in precision of finely coordinated 
movements, a decrease in overall efficiency and either an increase or de- 
crease in speed and ihe number of errors, depending on the form of to- 
bacco and its mode of administration. 

Murphee, et al (1965), whose studies of the quantitative electroence- 
phalographic effects of smoking revealed it to be a stimulant rather than a 
tranquilizer, received indirect support for this conclusion from question- 
naire findings. In the latter survey, Heimstra, Allusi and Adams found that 
a large percentage of Ss queried increased their smoking to alleviate or 
counteract fatigue during long driving sessions. 

The Katz and Forbes (1957) review on the effects of analeptics con- 
cluded that, in general, the results of small doses of compounds such as 
De.xedrine under proper usage appear beneficial, although certain cautions 
and limitations are definitely indicated. Their primary concern was that 
there were relatively few field studies which reported beneficial results 
especially on attitude and prevention of decrement from fatigue. Most of 
these so-called field studies made measurements in the laboratory after field 
performance or else simulated the field performance in the laboratory. 
They echoed the concern of the industry representatives to this conference 
in their observation that apparently very few actual studies of drug effects 
involving practical ta.sks, such as the performances which are critical in the 
complicated behavior required for automobile driving, are routinely carried 
out in the field of drug research. 

Ganslen. Baike, Nalge and Phillips' (1964) completed an investigation 
predicated on the basis: (a) that drugs used for general therapeutic pur- 
pt).ses. .such as the tranquilizers of the meprobamate group may affect the 
work capacity of normal Ss: (b) that certain drugs, considered as aide to 
heart function, may materially alter the working capacity of normal Ss; (c) 
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that the biological effects of the drugs under investigation were such that 
their use should be indicated or contra-indicated for persons in certain 
occupations who might be subject to extensive physical demands. The au- 
thors felt that the untoward affects of Equanil, the tranquilizer, contra- 
indicated the use of meprobomates in general because of their sedative 
effects and the extent of the vasomotor system depression they produce. 
The caffeine-metrazol combination and Recordil both improved working 
capacity. However, Recordil made the subject feel subjectively "^keyed up'' 
for about 12 hours after ingestion, and also produced belated faint anginal 
sensations of short duration. The caffeine-metrazol combination appeared 
to be a closer approximation to the ideal anti-fatiguing medication, i.e., one 
which would enhance working capacity without noticeable psychological 
side effects. Benzedrine and other amphetamine compounds were not 
judged acceptable. The authors concluded that these compounds unques- 
tionably have potent psychic energizing effects, but the apparent improve- 
ments in working capacity with these substances are more often the result 
of motivational factors than physiological improvement. 

Lastly, toxic agents studied in considerable detail, particularly for their 
physiological effects, included oxygen, carbon dioxide and carbon monox- 
ide. Oxygen toxicity was well verified in men who had breathed higli 
concentrations of oxygen at normal pressures; pulmonary oxygen toxicity 
can also be a problem in flight. High concentrations of oxygen act princi- 
pally on the lungs and the central nervous system. Central nervous system 
effects consist of confusion, irritation and even convulsions (see McFarland 
(1953) and Haldanne and Priestly (1935)). 

Carbon dioxide in relatively low concentrations causes subjective reac- 
tions, principally a feeling of suffocation. Higli concentrations may cause 
depression of higlier centers evidenced as confusion, loss of consciousness or 
even convulsions (Gibbons, Franklin, Jones and Wamsley (1969) and Schae- 
fer(l961)). 

Carbon monoxide toxicity quite obviously has been extensively studied 
and its effect reasonably established; see Roth, Teichner and Mirachi 
(1968). All evidence indicates that its only biological effects are those 
resulting from oxygen transport. The time-concentration relationships for 
carbon monoxide are well known. Levels for community air pollution have 
been set for carbon monoxide and reflect recognition that persons who are 
heavy smokers or who have impaired cardiorespiratory physiology are espe- 
cially susceptible. There is a paucity of data for the effects of concentra- 
tions of carbon monoxide below 100 ppm since it is stated that below this 
level there are no perceptible physiological effects. Recent explorations, 
Schulle (1963) and Beard and Wertheim (1967), of this region have un- 
covered subtle behavioral changes in both animals and humans. Although 
these tlndings are important, much remains to be done before the signifi- 
cance of performance decrements associated with low concentrations of CO is 
fully understood. 
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(h) Th-eoretlcai Implications. Miescher-Rusch in 1885 attributed an an- 
gelic ro!e to carbon dioxide when he stated . . over the oxygen supply of 
the body. c*irbon dioxide spreads its protecting wings." Since that time a 
number of physiologists have either again suggested or demonstrated that 
carbon dioxide does indeed partially protect the body from the effects of 
hypoxia. It is our contention that within ihe world of the behavioral sci- 
ences the **zeitgeist" is right for a comparable statement. Paraphrasing the 
beautiful prose of Miescher-Rusch it could be stated: Over the learned skills 
within the organism, the mechanism of overlearning not only increases the 
resistance of these skills to forgetting, but also reduces their susceptibility 
to drug influences (and to effects of environmental factors, as pointed out 
elsewhere in this paper). There is no question that the Miescher-Rusch 
statement alone will survive if only on its literary merit. But, another look 
at the data does lend some credence to our badly worked bit of prose. 

Recapitulating, support for the statement is found in several of the 
studies previously discussed. The Chiles, Alluisi and Adams (1968) study 
for example, in which Donnatal (an antispasmotic) and Chloropheniraniine 
(an antihistamine) were administered to "over-trained" Ss, indicated no 
drug effect. The authors state they recognized from the beginning that the 
dosages of the two drugs were marginal in terms of producing a measurable 
effect on performance, but were consistent with the need to determine the 
effects of ingestion of typical amounts of the drugs in question. The other 
factor that the investigators assumed tended to minimize the possible ef- 
fects of Donnaial and Chloropheniramine was that they were "highly tra- 
ined" for their "jobs." In line with our hypothesis, we would take only 
minor issues with the authors' explanations. Their result would appear 
equally explainable by positing that iht overlearning and not the "typical 
amounts of the drugs" ingested was primarily responsible for their benign 
effect. 

In an experiment by Kelman and Crow (1967), Ss performed two types 
of vigilance tasks at a simulated altitude of 2,000 ft. or 8,000 ft. With the 
easier test there was no significant difference between performance at 
2,000 ft. and at 8,000 ft. With a more difficult test, the Ss initial perfor- 
mance was significantly worse for the hypoxic group, compared with the 
control group at 2,000 ft. However, when both groups became familiar 
with the test, i.e., overlearned it, the differences was not statistically signi- 
ficant. In this case, it could be said that the mechanism of overlearning 
counteracted the deleterious effects of hypoxia. 
. Finally, in a study by Gibbons, Franklin, Jones and Wamsley (1969) 
whose purpose was to evaluate performance of a complex psychomotor 
task during exposure to 38 mm Hg PCO2 in air at sea level, there was no 
apparent degradation in the Ss' ability to perform a primary task consisting 
of a motor response to a visual stimulus. However, there was indication of 
degradation in the performance of a secondary task. If we assume that the 
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primary task was the better learned of the two tasks, the results are explic- 
able within the framework of our hypothesis. 

In brief then, increased mastery of psychomotor skills would appear to 
trigger some type of internal mechanism that reduces their vulnerability to 
hostile external environments, or to.4rugs. In the case of drugs, it could be 
hypothesized that this effect could apply to classes of medicinals that 
tended to either enhance or degrade performance. The practical significance 
of the former inference is clear: if higiily trained Ss are resistant to the 
enhancement effects of drugs, their use for enhancement purposes is both 
wasteful and inefficient. The relationship between drugs that degrade per- 
formance and the mechanism of overlearning will be examined later in this 
discussion. 

If a skill is not overlearned, is it possible that drugs in therapeutic doses 
could serve to either enhance or have no demonstrable affect on perfor- 
mance? Astronaut Cooper's frequently referred to ride from space may fit 
the criteria for enhancement of a moderately complex skill which no 
amount of simulation practice could develop into a completely automatic 
response habit, i.e., reentry occurs too infrequently in the life of an astro- 
naut to become a completely automatic response. 

Cooper did use 5 mg. of amphetamine as a psychic energizer during his 
last orbit and his subsequent near perfect reentry and landing could be 
considered a textbook description of one of its uses: to enhance perfor- 
mance under moderately high task demands. Its effective use also served to 
accelerate a wide range of drug research to prevent, mitigate, or compen- 
sate for other mental and physical deteriorations that might occur in space. 
Table 5-3C represents the first approximation of a program subsequently 
presented. 

This table from Schmidt (1965) summarizes the special indications for 
drugs at the v^^iotls,.fl^&^l^ stages, the general nature of the drugs to be 
considered, the purj)osd of such medication, and some of the undesirable 
effects which could be anticipated according to information then available. 
The final column of the Table identified the type of simulation in which 
the studies could be carried out. Because of the pressure of time, removing 
the causes of the physical and mental deterioration noted in Cooper's flight 
through engineering advances was not possible. An appropriate medicine 
chest, however, did evolve as an acceptable alternative and contributed 
immeasurably to the ?^uccess of the Apollo flights. 

Performance decrement as a' residual effect of secobarbital was reported 
by McKinzie and Elliott (1965). Their results demonstrated that 200 mg. 
(3 gr.) of secobarbital produced significant decrement in a simulated pilot- 
age task 10 hours after ingestion and this effect persisted throughout the 
! 2 hour **mission.'' Furthermore, this amount of secobarbital both delayed 
and attenuated the effect of d-amphetamine given during the **nigiu" to 
combat fatigue. 
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Hartman and NicKenzie (1966) wished to confirm the previously ob- 
served etTeci of 3 gr, but without the complications of an extended mission 
and the use of d-amphetamine as a stimulant. The study appeared to clarify 
the "hangover" effect of secobarbital, reported in the earlier study, relating 
it to dosage. The "hangover" effect is characterized by degraded perfor- 
mance and subjective feelings of lack of coordination and sleepiness, see 
Figure 5-3C and Figure 54C. With 3.0 gr. of secobarbital these effects were 
seen 10 hours after drug ingestion and persisted for a considerable length 
of time. These findings were remarkably consistent with those of the pre- 
vious sUidy in which degraded performance was present throughout the 
entire 12 hours "mission," No degradation in performance occurred from 
the administration of I 'A gr, of the drug. Figure 5-3C, 

Since the therapeutic dose of 114 gr, of secobarbital had no effect on 
performance, can we not assume that the principle we have espoused, i,e,, 
the moderation of impairment (in this case of a CNS depressant) by an 
overlearning mechanism, was conclusively demonstrated by the result? 
However, some 10 hours after ingestion of 3,0 grains of secobarbital, de- 
graded psychomotor performance was a pronounced residual effect. Could 
it be that the double dose produced marked impairment because the skill 
had been inadequately learned? More specifically, is it possible that the 
relevant skill had not been learned to a criteria that would invoke the 
overlearning mechanism to serve as a countermeasure against the more po- 
tent depressant? 

The Tang and Rosenstein (1967) study provides, in pari, additional sup- 
port for our general hypothesis. Both alcohol and dr.^mamine alone, respec- 
tively, had no or small performance decreases. Their combination, however, 
produced much larger performance decrements. Perhaps the skill had not 
been sufficiently learned to resist the synergistic effect? That a combina- 
tion of alcohol with Dramamine, a common anti-motion sickness remedy, 
produced much larger performance decrements than each alone has serious 
practical implications. As Dramamine is a relatively short acting drug (34 
hours), other long-acting CNS depressant drugs when combined with al- 
cohol could produce much longer and serious performance decrements, 
witii serious resultant consequences, in all types of users, especially ground 
vehicle and aircraft operators. 

Extrapolating from our data, is it possible that principles similar to 
those we have just discussed affect the general use of drugs in the commu- 
nity? For example, the driver of 25 years who habitually drinks may be 
intoxicated but still gets his car home. The socialite on a diet of ''pep-pills*' 
and "dolls" may tempt fate with her driving for years but still reaches her 
destination safely. We ask; Is not the mechanism of overlearning in these 
cases spreading its protective wings? 

The basis for still another hypothesis would appear to come from 
Howard's (1965) test of a new central stimulant, 5-phenyl-2-imino-4-oxo- 
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Degraded psychomotor performance as a residual effect of secobarbital ad- 
ministered 10 nours before beginning of the experimental period. (From 
Hartman and McKenzie, 1966) 



HOW DID YOU SLBS? LAST NIGHT 

'it IL 

poor good 
HOW DID YOU FEEL THIS MORNING 

JliI-I 

bad good 
WERE YOU SLEEPY DURING THE RUN 

__..i''_L**.jl 

very sleepy no 

HOW WAS YOUR COORDINATION 



poor good 
WAS YOUR NACHINB WORKING ALL RIOHT 

jL!^-1 

■O 798 

WERE THERE ANY VISUAL EFFECTS 

tJlt 

wMnj none 

C CONTROL 

P PLACEBO 
1.5 gr SE^ARBITAL 

3.0 3 gr SECOBARBITAL 

Graphic representation of mean subject debriefing responses by treatment 
groups in study on the residual effect of secobarbital on psychomotor 
performance. (From Hartman and McKenzie, 1966) 
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oxozoliddne. In therapeutic dosage, the stimulant significantly reduced the 
impairment that had developed in a vigilance task and was actually more 
effective when the level of impairment was higher. Progressively higher 
doses, however, had less effect on the impairment and eventually accentu- 
ated the condition. 

An explanation of these results can be given if we adopt the point of 
view that the human organism is essentially a data processor and ascribe to 
the new stimulant some of the known properties of existing stimulants. We 
will choose amphetamine as our model since it is known to be capable of 
enhancing performance under moderately high task demands, an effect the 
new drug displayed in Howards's study. Returning to the paradigm of the 
human as a data processor, it could be said that moderate doses of the 
stimulant ensured optimal functioning of the human data processing mecha- 
nism by not exceeding the channel capacity of the human processor- 
Why then did we experience performance decrement with progressively 
higher doses of the new stimulant? The explanation may be this: the decre- 
ment in performance that occurs could simply be a function of input 
queuing and channel capacity limitations in the human. Higher doses of the 
drug in question have the effect of speeding up the data processing. Next, 
queuing results because of channel capacity limitations in the organism. 
Queuing, in turn, produces decrements in performance as a result of short- 
term storage, i.e., inputs are lost while awaiting data processing. 

The hypothesis may be completely invalid but still have considerable 
pragmatic value. The amphetimines, for whatever reason, should be given in 
moderate doses if they are being administered to enhance either cognitive 
or psychomotor performance. Massive doses of the drug, besides causing 
toxic physiological effects, can be expected to exacerbate rather than to 
enhance human performance. 

The study by Johnston (1968) also had interesting theoretical implica- 
tions for enhancing psychomotor performance that merits a special review. 
Johnston's experiment suggested that tobacco smoking degrades vision; or 
stated in a more positive manner, that habitual smokers who reduce their 
smoking or abstain from smoking may markedly increase the size of their 
visual field (i.e., peripheral acuity) and improve their search performance. 
To the military pilot who smokes, the training he receives in search per- 
formance may be negated in part by his smoking. When search performance 
must be learned or proficiency in this skill maintained as part of any task, 
gains completely independent of the training situation, selection of the 
trainee, or choice of a training device may be effected by manipulating an 
external variable such as smoking. The gain in performance brought about 
by the cessation of smoking is a bonus pure and simple, brought about in 
the most cost-effective manner possible; an overlay on top of gains nor- 
mally produced by the above and other costlier procedures, e.g., human 
enaineering, maintainability, etc, 
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The pharmacological future as it relates to performance enhancement is 
briglu. With adequate research, we may be on the threshold of legitimately 
recommending for use drugs that could greatly augment human intrinsic 
capacities. The tragedy of our times is that our eager young people seem 
unable to wait for future research to catch up to their present need and 
have filled the vacuum by resorting to self-experimentation. Accelerated 
research in the area of behavioral pharmacology may be an expedient 
means of solving not only the social problems associated with promiscuous 
drug use but also the technological problem of finding safe effective drugs 
that can be judiciously used to enhance human performance. 
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Section D, Task Loading: A Way Of Viewing Systems Opera- 
tor Performance 

1. Introduction 

In the context of the aerospace industry, the definition of the tasks in 
which aircraft and space vehicle operators and maintenance personnel must 
engage, and the time in which these tasks must be accomplished, constitute 
a major segment of the activities of the human factors specialist. Further, a 
substantial research and development effort is directed to methods of re- 
ducing high, or impossible task loads. The subjects of this R&D effort 
include improvement in tlve information and control interfaces between 
man and the equipment he is operating, improved allocation of tasks 
among crewmen, improved selection and training of personnel, and in- 
creased automation. One effect of this considerable attention to the **task 
loading" problem has been development of a point of view with respect to 
the psychomotor effectiveness of operators, which we are calling the task 
loading view. We believe this view may be useful in a much broader con- 
text than .system operation and mamtenance, and for this reason present it 
to Instructional Media specialists for their consideration. 

To illustrate high task loading, a segment of a relatively objective instru- 
ment developed by the Human Resources Research Office in the late 50's 
for measuring helicopter pilot flight proficiency is presented in Figure 
5-1 D, taken from Greer, Smith and Hatfield (1^59). Check pilots, riding 
with the student, recorded the selected elements of the student's perfor- 
mance on this form, a^ the student performed. The entire sequence, from 
initiation of "final turn" at the bottom of the record sheet, to **termina- 
tion of hover" at the Panel, required an average of 12 to 15 seconds. Each 
element represents an action or composite of actions to be performed by 
the student during the maneuver, and occupies fully both hands and feet, 
as well as visual and auditory capabilities. But task loading in this context 
is not only the number of tasks the pilot must engage in of course. It is 
the skill and efficiency with which he accomplishes them. For the early 
student, the load far exceeds his task handling capacity. For the instructor, 
his capacity equals or exceeds the task load under almost all conditions. 
This is one way of viewing level of training and skill. Broadening this task 
loading view, and taking it as in integrating concept, a variety of factors 
impacting on psychomotor performance effectiveness can be taken into 
account. These factors include, in addition to the individual's inherent abil- 
ity and the skills he has acquired through training: his physical and mental 
state during performance; the environment in which he is performing; the 
adequacy of the operator equipment interfaces he must perform with; and 
the number, complexity and compatibility of tasks required of him in a 
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Figure 5~1D Sample Record Sheet From 1958 Version of the Intermediate PPDR 
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From Greer, Smith, Hatfield (1959) 
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finite time period. Each of these factors may be described in terms of their 
impact on task handling capacity of the individual as he performs. 

2. Summary and Implications for Instructional Media 

With this task loading point of view in mind, the following generaliza- 
tions are offered, in the context of the psychomotor domain, with the 
suggestion that they may apply to the broader instructional context. 

We may assume that the instructional process imposes an additional task 
on the student of attending to, interpreting and applying directions from 
his instructor, on top of the task load capacity limitation due to his under- 
developed skiDs. Thus, in the learning of complex psychomotor skills, in 
which the student must perform part or all of them at the same time he is 
being instructed, it is all nnportant to recognize that instruction is actually 
imposing an additional task load, which may very well be the first task 
element which is dropped out as the overload necessitates the student's 
reducing the scope of tasks he handles. 

When a student is learning to operate a piece of equipment (aircraft, car 
machine tools, etc.), and there are identifiable deficiencies in the man' 
equipment interface, these deficiencies should be identified prior to devel- 
oping the training curriculum. Then they should become the topic of spe- 
cial emphasis, or separate part-task training, in planning and executing the 
training program. An example of a serious equipment deficiency is the 
combination of the RPM indicator and the RPM control in the light ob- 
servation helicopter of the late 50's and early 60's. The range within which 
RPM must be controlled is very narrow, and this range was difficult to read 
on the instrument due to instrument design. To compound the problem, 
the RPM control involved a complex, non-linear control action in relation 
to the actual change effected in RPM. As a result, it was estimated training 
was increased by at least 10 fiight hours due to this man-machine interface 
deficiency. This type of problem should be identified and singled out for 
special attention in the development and execution of the training program. 

A corollary to the interface deficiency problem described above is the 
fact that, where possible, both training and performance requirements 
should be among the major factors impacting on the design of the man- 
machine interfaces of new systems. Undoubtedly, the added helicopter 
student training costs (at a minimum of $35 per hour), to say nothing of 
lost equipment and unnecessary washouts, far exceed the costs that would 
have been associated with the relatively simple fixes requirejd for the RPM 
indi<. ator and control. 

Frames of reference used to judge trainee proficiency during and at the 
end of training should be standard, or confusion and unnecessary self de- 
preciation on the student's part may severely impede training progress. This 
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is particularly important, and most difficult to accomplish, in training of 
complex psychomotor skills. 

The degree to which evaluative frames of reference can vary from indi- 
vidual to individual is dramatically indicated in Table 5-1 D, in which the 
average of the error percentages over ten or twenty rides is presented for 
each of six check pilots, two of which helped build the special evaluation 
system illustrated in Figure 5-1 D. The other four were only partially 
trained in its use. Note that Pilot 3 attended little to pedal and ground 
track control, but was big on altitude control, whereas Pilot 4 worked 
pedals and ground track hard, and attended little to altitude. In the devel- 
opment of the application of this check ride system, these types of data 
helped improve both instructor and check pilot slandardixation. Without 
such standardization, stvident contusion and loss of confidence as well as 
much wasted training time results. Improving standardization of evaluative 
frames of reference appaicntly improved training effectiveness significantly 
in the helicopter training program. 

Trainee fatigue can be interpreted as reducing his task load handling 
capacity, and as such is an important factor for the instructor and the 
training program scheduling to take into consideration. Failure' to do so 
will result in wasted t ruining time at the least, and possible proficiency 
regression due to poor mental attitude or conviction of inadequacy on the 
part of the trainee. 

Among the many media considerations possible for informational trans- 
fer between man and the system he is operating, use of auditory displays in 
lieu of, or as supplements to, visual displays may substantially increase the 
operator's task load handling capacity. The same considerations, that is 
taking advantage of each of the sensory media for appropriate information 
transmission, may also apply to training. 

This point is made well in a series of studies by Hodgson (1966) in 
which relative effectiveness of visual versus auditory versus visual-plus- 
auditory presentation of fligt^t control information was evaluated with re- 
spect to both flight control etTiciency and external visual search. The sum- 
mary data is presented in Figure 5-2D. The two graphs on the left side of 
the figure represent tracking (flight control) efficiency. The three dots in 
the upper left quadrant of these two graphs represent subject performance 
with the three methods of control information display, when the subjects 
were tracking only (no simultaneous search) on their last training day. The 
graphic data represents what happened to their tracking efficiency when 
they were required to both track and search. Note that the same relative 
order (Audio + Visual best, then Visual then Audio) obtained but that 
over-all tracking efficiency in both vertical (controlling nose altitude) and 
horizontal (controlling directional altitude) degraded between 4 and 9 per- 
centage points when the search task was added. Of particular interest, 
however, are the effects of the three display modes on Search performance. 
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Table 5-1 D. Mean Percentage of Errors Recorded for Selected Items and 
Mean Over-All Scores by Check Pilots for the Intermediate 
PPDR's, 1957 
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Mean Percentage of All Errors 
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11 


Mean PPDR Item-Weighted Score 


75 


74 


85 


72 


76 


83 


Traditional Grade 


40 


30 


100 


0 


30 


60 



These scales constituted over half of the items on the PPDR, 

'Based on the percentage of "average" and "above average" grades given. 
Other options were "below average" and "unsatisfactory." The PPDR 
was not referred to in assigning the traditional grades in 1957, 
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represented In the rigl\t hand graph in Figure 5-20. It appears that the 
Auditory display relieved the visual mode sufficiently from the control task 
to allow him to engage more effectively in search. The subjects, overall, 
preferred the combined auditory-visual mode of control information pre- 
sentation, stating that the auditory signal served as a warning, while they 
were searching, that they should work their control task. They would then 
use the visual display for rapid correction (which was easier and faster to 
use than the auditory display), and once their control problem was worked, 
they could revert to visual search with confidence. This represents a reason- 
ably sound use of man's two primary information acquisition senses in a 
complementary fashion, an objective all too seldom considered or met in 
information presentation systems where the information rate is high. 

The primary sensory mode, used both in performing and learning com- 
plex psychomotor skills, is vision, A characteristic of visual capability 
largely ignored primarily due to ignorance, is peripheral vision. In tasks 
requiring acquisition of relatively small amounts of critical information 
from a wide visual area in a limited time period, training directed to the 
value and use of peripheral vision might increase task loading handling 
capacity. Carefully planned programmatic research is necessary to further 
clarify the appiioatlon and value of this type of training emphasis. 

Peripheral vision is defined as that visual capability outside of the ""fo- 
veal" area, the point on the retina with the highest acuity and subtending 
approximately one degree of arc. This is presented schematically in Figure 
5-3D, on which the relative visual acuity, as a function of displacement in 
degrees from the fovea, is shown. 

A study of Johnston (h^65) was directed to the question of the role of 
Ps.ripheral acuity, out to a distance less than 15 degrees from the fovea, in 
visual .search. The motivating concern was that literally all practical mea- 
sures of visual acuity are directed to foveal acuity only. She measured 
foveal and peripheral acuity of 36 subjects and asked them to participate in 
a pair of timed search tasks. Despite a rather severe restriction in the range 
of foveal acuity, a wide range of peripheral acuiiy was found and it was 
shown to correlate significantly with search performance, particularly when 
the display si/.e for the search task was large, and when the search task was 
for something different in a sea of sameness, (Pierson Product Moment 
correlation of .49), Additionally, peripheral acuity was found to correlate 
with the same subjects' scores on an Air Force Speed of Identification test 
to the extent of -.50, Correlation with foveal acuity was only .32, but this 
is probably due in large part to the range restriction in foveal acuity arflong 
the subjects. These findings need further substantiation by well controlled, 
programmatic research, but suggest that: (a) peripheral acuity should also 
be measured as an indicator of visual effectiveness for selection purposes 
and perhaps for identifying student problems attributable to visual defect, 
and (b) training to attend to the information available in the periphery 

er|c 



1 44 THE PS YCHOMOTOH DOMAIN 




Four Major Factors iw Performance Effectiveness 145 



may well be a useful meMiod of increasing the task load handling capability 
of people engaged in acquiring and processing information from a wide 
field. Learning to attend to the periphery to a greater degree may well be a 
major factor in learning ''speed reading** for example. 

In this section, we have attempted to present and illustrate in a very 
brief discussion a Task Loa 1 point of view, which emphasizes the interac- 
tion between the number of simultaneous tasks that are bemg imposed on 
an individual in a finite time period^ on the one hand, and the individual's 
task load handling capacity, on the other. Regarding the number of tasks, 
certain considerations may well render these tasks more difficult, such as 
task incompatibility and poor man-equipment (i.e., display and control) 
interfaces. Regarding the performing individual, his capacity may be influ- 
enced greatly by his inherent abilities and characteristics, his level of train- 
ing, his mental and physical state (due to amount of sleep, use of drugs, 
etc.), and the environment in which he is performing. We find this point of 
view useful in the Aerospace industry-human factors context, as a means of 
taking into account many factors when we are considering how to most 
efficiently use man in a system. We offer it for consideration as a point of 
view which might serve in the instructional context as well, since it appears 
obvious that students are ofter> task overloaded, as they are presented with 
massive amounts of information which they are expected to integrate and 
retain. 
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Section £. Overview of Implications for Instructional Technology 

In this section, we will attempt to extract implications for the instruc- 
tional technologies which appear to be common to part or all of the 
factors we have discussed. In so doing, we recognize that some of our 
generalized implications go beycnd the data we have presented, and as such 
should be considered suggestive, rather than scientifically valid. 

First, and perhaps foremost, we offer the suggestion that the student 
acquiring a psychomotor skill, particularly a complex skill, will suffer as 
much or more from the effects of environmental stressors, toxic agents and 
drugs, time/work associated fatigue and task overload, as will personnel 
already trained in the task. This is an important hypothesis, since the bulk 
of studies we have found use subjects already trained to some degree in 
their task. Some evidence for this view is provided in the data we have 
presented, the most dramatic example of which is the comparison of highly 
skilled pilot/astronauts versus relatively naive subjects engaged in a complex 
performance under conditions of environmental stress. For the former, no 
performance degradation was observed, whereas for the latter, significant 
degradation became apparent. 

If this hypothesis is a fact, then we can generalize more directly to the 
learning context. The hypothesis probably holds for learning the more tra- 
ditionally academic subjects as well, particularly for toxic agent and drug 
effects. With this orientation in mind, then, the following generalizations 
are offered: 

1. When students are being trained in a complex p.sychoniotor 
skill that they are later to apply in an operational or real- 
world setting, their subsequent performance will be affected 
by the four factors we have discussed in large part to the 
extent that they have substantially mastered, or **over- 
learned/' the task complex. The degree of mastery will be 
reflected either by an absence, or by a delay over time in 
onset, of performance degradation. 

An important corollary of this generalization has direct impli- 
cations for the instructional process. When the skill is being 
acquired via a student-instructor interactive relationship under 
conditions where environmental fatigue or other degrading 
factors are present (such as in flight or automobile driver 
training), the instructor may be relatively unaffected in terms 
of his performance, while the trainee is substantially affected. 
If the instructor is unaware f^i' the differences in the effects 
on him, as compared to the effects on the student, he may 
attribute poor student performance to the wrong factors. 

2. Complex psychomotor performance with highly cognitive ele- 
ments (i-e., with substantial information integration require- 
ments), will be more affected by all of the factors we have 
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discLisscd. except vibration and cold, than will the skills re- 
quiring niorc straight toward stimulus-response reactions, or 
gross motor maneuvers. Vibration, on the other hand, impacts 
most seriously on the gross motor responses, as well as expe- 
diting onset of fatigue effects. Cold affects the performance of 
the extremities, seriously at temperatures at or below the. 
mid-40's (K), though it appears not to affect the cognitive 
tasks during relatively short exposures. Fine motor coordina- 
tion of the fingers, for example, deteriorates seriously at these 
low temperatures. 

3, The physical condition of the subject can impact on perfor- 
mance very significantly in terms of the effects of all of \hc 
four factors, but is particularly evident in absence, or delay of 
onset, of effects of toxic agents and drugs, fatigue and en- 
vironmental stressors. 

4. When a complex psychomotor skill requires, in effect, simul- 
taneous performance of a number of tasks, those less impor- 
tant secondary and tertiary tasks will be degraded by effects 
of environment, fatigue, toxic agents and drugs long before 
the perceived "primary'' or most important tasks begin to 
deteriorate. This generalization has implications for the design 
ot studies of effects of performance-degrading independent 
variables, as well as for performance and acquisition of 
psychomotor skills. 

5, In acquiring psychomotor skills, an element of learning that i.s 
often overlooked, appears to be the fact tl.at the subject 
learns to adapt to the effects of certain enMron mental toxic 
agent and drug stressors, such that his performance is subse- 
quently less degraded by the stressor. This should not be con- 
sidered a panacea, of course, but is worthy of note, particu- 
larly for vibration. 

6. Evident throughout the domain of psychomotor pertormance 
research has been the apparent effect of that ill defined and 
difficult to manipulate factor we call motivation. Typically, 
motivation is discussed tautological ly, with good performance 
generally being the basis for describing motivation as high, 
with the conclusion that high motivation contributes to good 
performance. The wealth of observations by researchers, in- 
structors and students alike, however, of the impact of the 

competitive spirit" or urgency to acquire perfeclion, on ac- 
quisition of psychomotor skills cannot be ignored. We simply 
wish to again emphasize that to the extent that the instruc- 
tional technologies become adept at the art of motivation 
management, their students will probably progress at -a far 
greater rate. We feel ourselves, unqualified to elaborate further 
on this difficult topic. 



Because the task loading section identified a number of highly specific 
factors impacting on learning performance, these will be briefly summarized 
here. Viewing the p.sychomotor pcrforniancc acquisition process from the 
task loading point of view we have selected the following factors as impact- 
ifio donjficantly on .skill acquisition: 
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1. in the instructor-student type of lecirning situation, the in- 
structor should recognize that the intructional interchange it- 
self is imposing an additional task on the student, with his 
inadequately developed skills. Thus, the instructor should be 

• aware of when the student can attend to him and when he 
cannot. He should make his j^oints. briefly , with a good com- 
mand of the language and clear articulation, or Uie student 
may turn him off "as an excess'* to his (ask load. 

2. Deficiencies in the man/equipment interfaces in a system a 
student is learning to operate will add to his task load and 
degrade his learning performance. These should at least be 
recognized in developing the training curriculum, and in the 
instructional process. When po.ssible, both learning anil perfor- 
mance considerations .should impact on the design of tlie.se 
interfaces. 

3. Frames-of-reference u.sed for performance evaluation may dif- 
fer substantially among instructors and e valuators, particularly 
for highly complex psychomotor tasks. To the extent that the 
divergences in these performance standards are not resolved, 
student confusion, wasted training time, and poor training will 
re.sult. 

4. Visual and auditory sen.ses arc generally a. fundamental ele- 
ment of the performance, and of course the acquisition, of 
complex p.sychomotor .skills. Clearer recognition of the char- 
acteristics of these sensor capabilities, and planning for their 
appropriate u.se, can, in effect, reduce the task load require- 
ment placed on the performer. Existing information about 
these .sen.ses is sufficient to enhance performance if utilized. 
However, to fully take advantage of the .sensory capabilities, 
substantially more information, particularly for the visual 
.sense, must be acquired through research programmed to this 
end. 

A two-fold factor of particular significance was brought out in our dis- 
cu.ssion of toxic and drug effects. 

First, it is clear that the drugs in common use by the majority of 
contemporary Americans, including tobacco, alcohol, antihistimincs. tran- 
quili^.crs, motion sickness preventatives, etc., to say nothing of tlie illegal 
drugs, may impact significantly on psychomotor performance. The effects 
of combinations of these drugs and toxic agents on performance have, in 
some instances, already been shown to be synergistic. Harking back to our 
opening generalization in this section, if these drugs impact on perfor- 
mance, they certainly impact on acqui.sition of.skills! and their effects are 
probably greater in the learning context. This factor should not go unrecog- 
nized in the instructional teciinologics. In terms of its implications for both 
students and instructors. 

The second factor is the impact of our increasingly polluted atmospheric 
environment on performance. Of particular significance is the effect, on the 
one hand, and the prevalence, on the other hand, of CO in our atmo.sphere. 
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We arc suggcsiijig that the insiriiclional technologies might be motivated to 
nuHini the band wagon for more sound research directed to defining more 
clearly the effects of these atmospheric pollutants on human performance, 
with the objective of assuring that valid standards for atmospheric quality 
are provided which in turn will safeguard both the health and capabilities 
of our people. 



ERIC 
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Other Resource Books for Media Specialists in Ms 
Series from ttie Nationai Special Media institutes- 

CONTRIBUTIONS OF BEHAVIORAL SCIENCE ^ 
TO INSTRUCTIONAL TECHNOLOGY X 

The Affective Domain 

The seven chapters of this volume present at least 
seven diverse viewpoints written by seven different 
sets of authors. Both the chapters and authors pos- 
sess one common attribute: A concern with devel- 
oping instruction which interests, involves and mo- 
tivates learners. Seven facets of human feeling, or 
affect, are presented by authors who have been en- 
gaged in the basic research and instructional appli- 
cations of that particular approach. The book is 
intended primarily for the Instructional technolo- 
gist who is involved in designing, developing or re- 
vising instructional systems. However, the volume 
is useful to anyone concerned with the Improve- 
ment of instruction. 

CONTRIBUTIONS OF BEHAVIORAL SCIENCE ^ 
TO INSTRUCTIONAL TECHNOLOGY ^ 

The Cognitive Domain 

The Cognitive Domain relates problems of the 
instructional technologist to insights and evidence 
from the behavioral sciences. In specific chapters 
by different authors subjects such as the following 
arediscussed: the application of present knowledge 
and empirical methodology to the solution of par- 
ticular behavioral problems; characteristics of 
human learning thdt typify man; media research 
and the scientific and instructional uses of various 
technologies; the essential structure of the behav- 
ioral sciences and relevance to the work of instruc- 
tional technologists. The focus of each chapter is 
stated In a summary introductLn and a biblio- 
graphy concludes each chapter. 
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